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PREFACE. 



Several members of both Houses of Parliament, and 
others interested in the safe and proper working of 
raUways, having recently applied to the Engineering 
Department of the Amalgamated Society of Railway 
Servants for information relating to the causes of the 
various so-called railway accidents, also as to the 
alterations, improvements, and appliances which are 
considered absolutely essential to the setfety of the 
general public and of the railway servants, a list of 
twenty-three necessary requirements has been drawn 
up which will have to be adopted and brought into 
general use before any great improvement in railway 
safety can be looked for or expected. 

At the expressed desire of railway officials, servants, 
and passengers, the author has been induced to prepare 
the present work to explain and illustrate the various 
mechanical appliances which conduce to the safety of 
railway travelling. 

Upon a very recent occasion it was stated in the 
House of Commons by Mr. Mundella, then President of 
the Board of Trade, that the railway servants were the 
greatest sufferers by railway accidents, since among 



VI PREFACE. 

them there was eax amount of death and desolation 
which the House could hardly realise, and which was 
simply appalling. In eleven years, he said, 6,584 
servants had been killed and 26,024 injured — a loss 
equal to that of many battles. 

The author, since he entered the engineering pro- 
fession twenty years ago, has devoted much time and 
attention to the examination of all appliances for rail- 
way safety ; and as Consulting Engineer to the Amal- 
gamated Society of Railway Servants, it is now his 
duty to examine, consider, and report upon the cir- 
cumstances attending every accident, and the new or 
improved safety appKaaces necessary to prevent such 
occurrences in future. The views and opinions ex- 
pressed in this volume are, therefore, based upon 
experience derived from a personal examination of the 
line and rolling stock after the various accidents, and 
the whole of the cases recorded in Chapter VIl., under 
the heading of " Railway Servants and the Law,'' are 
those in which the author was either engaged or 
interested on behalf of the men implicated. 

Clement E. Stretton. 

40, Saxe-Cobubg Stkeet, Leicester. 
November, 1886. 
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CHAPTER I. 

SUMMARY OF ACCIDENTS ON RAILWAYS DURING THE 
YEAR 1886 AS REPORTED TO THE BOARD OF TRADE. 

35 COLLISIONS between passenger trains or parts 
thereof. 

53 collisions between passenger trains and goods 
trains. 

22 collisions between goods trains or parts thereof. 

65 cases of passenger trains or parts thereof leaving 
the rails. 

9 cases of goods trains or parts thereof leaving the 
rails. 

11 cases of trains travelling in the wrong direction 
through facing points. 

14 cases of trains running into stations at too high 
a speed. 

126 cases of trains running over cattle. 

48 instances of trains running through gates at level- 
crossings. 

377 failures of axles. 

3 failures of brake apparatus. 

6 failures of couplings. 

B 
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920 failures of tyres. 

1 failure of a wheel. 

3 failures of ropes used in working inclines. 

2 failures of bridges. 
287 broken rails. 

9 cases of flooding of permanent way. 
8 slips in cuttings or embankments. 

10 fires in trains. 

The necessity for high platforms and continuous 
footboards is plainly shown by the fact that no less 
than 25 passengers were killed and 49 injured by fall- 
ing between carriages and platforms. 

17 passengers were killed and 470 injured by falling 
on to platforms, ballast, &c. 

Foot-bridges over, or tunnels under, the railways are 
much required at many stations and crossings; 35 per- 
sons were killed and 11 injured whilst passing over the 
line at stations, and 58 killed and 16 injured whilst 
passing over level-crossings not at stations. 

The number of railway servants killed and injured 
is again enormous ; a very large proportion of these 
accidents occur during shunting operations and the 
marshalling of trains. 

Altogether the number of persons killed and injured 
on railways in the United Kingdom in the course of 
public traffic during the year ending 31st December, 
1885, as reported to the Board of Trade, was as 
follows : — 



RAILWAY ACCIDENTS. 



PERSONS KILLED AND INJURED, 1886. 





Year 1886. 


Total for 
oorresponding 
period in 1^. 


Killed. 


Injured. 


Killed. 


Injured. 


Passengers. 

From accidents to trains, rolling 

stock, permanent way, &c. . 

By accidents from other causes . 

Servants of Companies or Contractors. 

From accidents to trains, rolling 

stock, permanent way, &c. . 

By accidents from other causes . 

Persons passing over railways at 

level-crossings ....... 

Trespassers (including suicides) . • 

Other persons not coming in above 

classification 


6 
96 

13 
438 

68 
305 

41 


436 
693 

81 
2,036 

21 
126 

74 


31 
104 

23 
623 

65 
348 

40 


864 
627 

116 
2,204 

27 
187 

76 


Total . . . 


957 


3,467 


1,134 


4,100 



Note. — In addition to the above, the Companies have, in pursuance 
of the Act of 1871, reported other accidents which occurred on their 
premises, and the total number of personal accidents reported to tiie 
Board of Trade during the year 1885 amount to 997 persons killed 
and 7,022 injured. 

Suggestions for Safe Railway Working (made in 
Reply to numerous Inquiries) by the Amal- 
gamated Society of Railway Servants of the 
United Kingdom, January, 1886. 

1. It goes without saying that bridges, tunnels, 
stations, permanent way, and works must be properly 
constructed and efficiently maintained. 

2. All railways ought to be worked on the absolute 
block system, strictly carried outy so that no two trains 
of any kind shall ever be in one section at one time. 
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3. The block and interlocking systems should be elec- 
trically combined and controlled, so that the safety of a 
block section shall be under the control of two signal- 
men. 

4. The block working at all junctions should be ar- 
ranged so that no two trains which can foul each other 
at the points and crossings shall ever be allowed to 
approach a junction at one and the same time. All 
sidings and goods lines joining main lines should be 
provided with properly interlocked safety pdints. 

5. Efficient signals should be employed, and the posts 
ought always to be placed upon the left-hand side of the 
line to which they refer. At large stations and junc- 
tions short arms or discs should be provided for con- 
trolling shunting operations, in order to avoid that 
most dangerous but common practice, hand signal- 
ling. 

6. One code of block system regulations, and one 
pattern of signal, should be adopted throughout the 
kingdom. All distant signals of that old-fashioned 
disc or board pattern should be at once replaced by the 
usual "swallow-tail" arm. A red light should be the 
only danger signal. The practice of using purple or 
other lights is highly dangerous. 

7. Facing points ought to be avoided as far as possible. 
All facing points, and points leading to main lines, ought 
to be provided with a locking bar and bolt, and properly 
interlocked with the signals and with the electric ap- 
paratus. 

8. At all junctions not only should the levers be 
locked in the box, but an actu^ lock should be placed 
upon the arm itself at the top of the signal post ; and 
in every case where electric repeaters are used they 
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should work from the arm itself y not from the rod in the 
usual way. 

9. All passenger trains ought to be provided with an 
efficient automatic continuou#brake, haying brake blocks 
upon the wheels of the engine, tender, and every 
vehicle throughout the train, and fulfilling the five con- 
ditions laid down by the Board of Trade, August 30th, 
1877, and highly approved by the Society. To avoid 
the present dangerous practice of brake power being 
cut off and rendered useless by the introduction of an 
unfitted vehicle, it ought to be the law that one company 
shall not be allowed to send vehicles over the line of 
another company unless such said vehicle is provided 
with the same form of continuous brake as that used by 
such foreign company. 

10. All goods engines should be fitted with brakes 
upon their wheels, and those occasionally required for 
passenger traffic should have continuous brakes. On 
lines having heavy inclines, goods and mineral trains 
should have two guard's vans and two guards. 

11. Tank engines should not run with the coal bunker 
in front ; they should be turned, like a tender engine, 
and always run chimney first. Tank engines should 
never be run at express speed, as they are unsafe at 
such speed. 

12. All passenger trains should be fitted with efficient 
means of communication with the driver and guards. 
Passengers should be able to reach it without putting 
their hands outside the window. The present cord 
system is unreliable, and the plan of having no com- 
munication on trains which stop every twenty miles is 
very risky to the public. 

13. All passenger platforms should be raised to the 
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standard height, and all carriages fitted with a high 
continuous footboard, to avoid persons falling between 
platforms and trains. 

14. The crank or driving axles of locomotive engines 
should be taken out after they have run a certain 
mileage. What the mileage limit should be ought to 
be at once decided by the companies and the Board of 
Trade. The Society considers 200,000 miles for iron, 
and 180,000 miles for steel, a very reasonable and safe 
suggestion for full consideration. 

15. All tyres should be fastened to their wheels, so 
that if they break tlvBy cannot fly off. 

16. All curves often chains radius and under should 
be provided with check rails. 

17. At all important junctions, to avoid the up main 
line being crossed by the down branch, or vice verad, it 
is very advisable that the branch line be carried over a 
bridge and brought down to the main line level, as 
done atFinsbury Park and a few other junctions. 

18. All waggons should be fitted with a coupling, so 
that waggons could be coupled or uncoupled without a 
man having to go between the vehicles. 

19. Overwork on railways is highly dangerous, and 
ought to be abolished. Ten hours a day is plenty, and 
proper time for rest ought to be allowed between each 
term of duty. Eight hours of signal-box work, con- 
sidering its importance, should be enough ; and at 
very large and busy junctions six hours at a stretch is 
as tnuch as should be required. 

20. Companies' rule-books should be revised, and all 
rules not intended to be carried out should be removed. 

21. Unpunctuality of trains is a great cause of acci- 
dents. When an important passenger train is running 
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late the working time-table is rendered useless, as none 
of the trains booked to shunt at various sidings do so, 
but proceed to some other siding, and are therefore 
unable to work as booked. When it is found, day 
after day, that certain trains do not keep time, the time- 
table should be properly altered in accordance with the 
actual running or time necessary. 

22. In case of fogs great care ought to be taken that 
the fog signalmen are sent out early enough ; but it is 
to be hoped that at no very distant date one of the 
various mechanical appliances will be adopted in place 
of fogmen. 

23. All inclines should be provided with "catch 
points" to prevent vehicles running away. 



CHAPTER 11. 

PERMANENT WAT, ANCIENT AND MODERN. 

There seems to be a widespread impression that rail- 
ways came suddenly into existence as a complete system 
at the time when the Liverpool and Manchester Rail- 
way was opened in 1830, and Uttle or no attention is 
paid to previous history, or to the reasons which led, 
step by step, to the various improvements and inventions. 

The railways of the present day owe their existence 
to, and are the practical result of, the wonderful develop- 
ment of the ancient tramways or railroads. The dis- 
covery that a horse could draw ^ a much greater load 
upon a hard level surface than upon an ordinary road 
led to the introduction of ** stone tracks,'* which con- 
sisted of long narrow flagstones placed in parallel lines, 
upon which the cart-wheels ran. 

About the year 1630, it appears a Mr. Beaumont 
went to Newcastle-upon-Tyne, and to facilitate the con- 
veyance of coal from the collieries to the docks or 
shipping places, he introduced the "wooden way,'* con- 
sifiting of cross sleepers placed about 2 feet apart, 
upon which were nailed wooden planks 6 feet long 
and about 4 inches wide. He likewise introduced 
four-wheeled waggons in place of the ordinary carts ; 
and in " The Life of Lord Keeper North'' it is mentioned 
that "the carriage is so easy that one horse 'will draw 
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down four or five cauldrons of coal, and is an immense 
benefit to the coal merchants/' A book published by 
Mr. Gray in 1649 records the fact that Mr. Beaumont 
in a few years lost £30,000, which he "adventured in 
the mines." 

The waggon wheels in course of time wore away the 
upper sur&ce of the wooden ways, and the next fact on 
record is, that instead of entirely replacing the old ones, 
new planks were nailed upon them. This plan was 
known as the "double way.'* It was again followed by 
the system of "plating'' the wooden tracks with sheet 
iron, or by nailing iron plates or bars upon them. 
These became known as "plateways," and the men em- 
ployed to lay them down as "platelayers." It is hardly 
necessary to point out that this latter word remains in 
use to this day, but the difference between the "plates" 
of old and the present steel rails, 30 feet long, weigh- 
ing 85 lbs.' per yard, is indeed striking. 

The iron-plated ways, as might be expected, very 
soon caused considerable wear to the wooden wheels, 
and about the year 1763 it appears that cast-iron wheels 
were introduced. 

In 1767, Mr. Reynolds, one of the partners in the 
Colebrookdale Iron Works, Shropshire, suggested that 
the wooden plated ways should be entirely superseded 
by a cast-iron rail or plate, and that, in addition, 
an upright ledge or flange should be cast upon it, 
for the purpose of keeping the wheels upon the 
line.' These rails were 3 feet long, 4 inches wide, 
having a " fish-backed " flange on the inner side, 
3 inches high at middle, and 2^ inches at the ends, 
fjEkstened to wooden cross sleepers by a nail or spike 
driven through a hole, formed by a small square 
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piece being left out in each end of the castings. From 
the books of the Oolebrookdale Company it appears 
that on the 13th November, 1767, between five and six 
tons of rails were cast, and at once laid down as an 
experiment. At first, it seems, they were not successful, 
being frequently broken, and in the following year 
(1768) the waggons were considered too large and heavy* 
These were, therefore, replaced by a number of smaller 
ones coupled together, thus reducing the weight upon 
any one rail, and distributing it over several yards of 
the way. To give additional strength to the plate rails, 
an improvement was made, consisting of a "fish-bellied '* 
flange projecting downwards under the plate. 

In l776 a somewhat similar cast-iron plate way was 
laid down by Mr. John Ourr, at the Duke of Norfolk's 
Colliery, near Sheffield; the rails were 6 feet in length, 
the ledge or flange was 2 inches in height throughout, 
and was placed on the outer side of the track. Cross 
sleepers were employed under the rail joints. The two 
intermediate supports to each rail consisted of square 
wooden blocks, near each end of each plate, and at 
intervals of two feet, holes were cast for a nail to be 
driven into the sleeper or block. It has been claimed 
that Mr. Curr was the first to lay down the cast-iron 
way, but the date at once shows that such a claim is an 
error, as the Colebrookdale experimental line had been 
at work for nine years. It appears that the labouring 
people at the colliery did not understand the great 
future of the iron way, for they got up a riot, tore up 
and broke the rails and bu^ed the sleepers. 

One of the greatest improvements was introduced 
(1789) by Mr. William Jessop, when constructing a 
railroad at Loughborough, in Leicestershire. This 
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engineer decided to abandon the flat wheels and flanged 
rails and to introduce iron rails with a flat top, and 
wheels with a flange cast upon the tyre. Mr. Jessop's 
rail was known as the "edge rail," because the wheels 
ran upon the upper edge. These rails were of cast-iron, 
3 feet long, having a single head If inches wide; 
they were of the elliptical, or " fish-belly," pattern, 
that is, deeper in the centre than at the ends, it 
being considered that it combined the greatest 
strength with the least expenditure of material ; the 
gauge of this line was similar to that adopted for 
the plate ways, namely, 6 feet outside. The rails 
were fastened to cross sleepers by iron pins or bolts 
passing through projecting bases cast at the end of the 
rails. It was soon found that the cast-iron projections 
were broken ofE, and the rails rendered useless, as there 
was no way of fastening them ; this led to a great and 
important improvement. The base was removed from 
the rail itself, and cast as a separate "chair" or 
"pedestal;" the rails were fastened by pins passing 
through holes in the upright sides of the chairs, and 
corresponding holes in the ends of the rails. 

In 1797, Mr. Bams, when laying down a railroad at 
the Lawson Colliery, Newcastle-upon-Tyne, introduced 
"stone blocks" 1 foot square and 8 inches deep, 
instead of wooden sleepers, and in 1800 Mr. Outram 
also used "stone blocks" upon a line he laid from the 
collieries near Little Eaton, Derbyshire. The dates 
plainly show that Mr. Outram was not the first to adopt 
the "stone blocks," but, nevertheless, he obtained all the 
credit, for this description of line was called the Outram 
road or way, which very soon became shortened into 
"tram-road" and "tramway." 
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The Asliby Canal Company, under an Act of 1794, 
constructed a canal from Ashby-de-la-Zouch (Leicester- 
shire) to Coventry, and obtained powers to extend it to 
Ticknall and Cloud Hill Lime Works, &c., but the 
directors, seeing the advantages of the "tram-road," 
abandoned the latter part of their canal scheme, and 
laid the Ashby, Ticknall, and Cloud Hill tramways, the 
rails employed being the cast-iron "plate" pattern, 
3 feet long, with the flange on the inner side, similar 
to those originally introduced at Colebrookdale, to 
which reference has already been made. The old 
Ashby tramroad and branches became the property of 
the Midland Railway Company, by virtue of an Act of 
1846, and one part has since been altered and absorbed 
into the Ashby and Worthington Railway, but the 
branch from Ticknall Tramway Wharf to Ticknall has 
never been relayed or altered in any way, and is there- 
fore a specially interesting relic of ancient times. In 
these days to see waggons with flat wheels, drawn over 
cast-iron plate rails one yard in length, by a horse, 
cannot fail to interest those who watch the progress and 
working of railways ; and it most clearly shows the 
great improvements made, and the perseverance which 
has been required to develop the present gigantic rail- 
way system out of such small beginnings. 

In 1801 the Surrey Iron Railway Company obtained 
an Act, and afterwards speedily constructed a tramroad 
from Wandsworth to Croydon ; and Sir Richard Phillips 
wrote : "I found delight in witnessing, at Wandsworth, 
the economy of horse labour of the iron railway, and 
thought such lines should be extended from London to 
Edinburgh, Glasgow, Holyhead, Milford, Falmouth, 
Yarmouth, Dover, and Portsmouth." The idea that 
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railways should be laid over the country was generally 
considered at that time to be perfectly absurd. 

An important tramroad six miles in length was also 
laid in Derbyshire, known as the Peak Forest line. 
Wrought-iron rails 2 feet long were tried in 1805 at 
the Wallbottle Colliery, near Newcastle-upon-Tyne, but 
this material did not come into general use. 

In 1816 a patent (No. 4,067) was obtained by William 
Losh and George Stephenson for a half-lap rail-joint, 
in which the sides of the rails were bevelled away for 
about 2^ inches, so that when the two bevelled 
ends were laid, they formed the same breadth of 
surface as at the other parts of the rail, an iron pin 
passed through the sides of the chair and the halves of 
the two rail ends ; they also suggested a wheel with a 
broad £at flange, suitable to run upon either the plate 
or edge rails. 

It has already been mentioned that the "edge rail" 
was invented in 1789 ; it did not, however, find favour 
for a number of years, as many persons contended that 
the narrowness of the upper surface would cut grooves 
in the wheels, a preference being therefore shown for 
the old plate-rail. 

A very useful wrought-iron rail was next manu- 
factured at the Bedlington Iron Works in 1816, which 
consisted of a combination of both the plate and edge 
rails, and having a high outer side and a low one ; 
wheels with flanges ran upon the high or edge side, the 
flat wheels on the inner or low-plate side. These rails 
were in 15 feet lengths, the ends being dove-tailed 
together ; they were sometimes spiked directly to the 
stone blocks, but more generally placed in shallow 
chairei, and secured with an iron key. 
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In October, 1820, Mr. 
Birkmahaw,oftheBedIiiig- 
ton Iron Works, near Dur- 
ham, obtained a patent (No, 
4,503) for an improved 
mode of rolling railway 
rails (Fig. 1). 

These rails were of 
-wrought iron, of the ellip- 
tioal, or more generally 
known as the "fish-bel- 
lied" pattern, nominally 
15 feet in length, but from 
measurement the author 
d finds them to vary from 
^ i inch to I^ inches more 

f"" than this length. They 
were divided into bear- 
's iog lengths of 3 feet be- 
I tween the chairs, and, when 
" new, weighed 28 lbs. per 
iq yard ; they had a singleliead 
only, 2^ inches in width. 
The peculiar feature was 
that the underside of the 
rail was curved. It was 
considered in the early 
days of railways that extra 
strength was required be- 
tween the chairs (at c), 
and that it would give uni- 
form strength throughout 
if the extreme depth of the 
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rail at the centre between the chairs was 3^ inches, 
tapering away in a semi-elliptic curve to 2^ inches at 
the chairs (d). 

On one side of the rail a lateral swell was rolled, and 
continued through the whole length; but on the other 
side it terminated at e before reaching the chair, thus 
forming the sections shown at f. The chairs were of 
cast iron ; on one side a cavity (g) was formed corre- 
sponding to the lateral projection on the rail, on the 
other side of the chair a similar cavity was cast for the 
purpose of receiving a long thin wrought-iron key (h), 
which pressed the projection on the rail into the cavity 
in the chair (g), thus preventing the rail from rising 
upwards. 

Mr. Birkinshaw proposed to weld a number of rails 
into a long continuous rail, but this plan was not tried. 
Mr. George Stephenson adopted Birkinshaw's "fish- 
bellied '* rail for all his early lines. The Stockton and 
Darlington, Canterbury and Whitstable, and Leicester 
and Swannington had rails weighing 28 lbs. per yard ; 
on the Liverpool and Manchester he used 35 lbs., and 
afterwards 50 lbs. on the London and Birmingham. 

On the Liverpool and Manchester line both stone 
blocks and wooden sleepers were employed. The 
Leicester and Swannington Railway was laid with cross 
sleepers (a), placed 3 feet apart between centres ; these 
were of oak, 8 ft. 6 in. in length, 8 J in. wide at base, 
4;^ in. thick, of half-round section, bound at each end 
with a strong iron hoop, the chairs being fastened to 
them by two spikes. 

The " gauge of rails *' may here receive attention, as 
the question has been asked why 4 ft. 8 J in. was adopted. 

There can be no doubt that the nsual width of the old 
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wooden and cast-iron tramroads practically determined 
the gauge of our present railways. The usual width or 
gauge of these old tramroads was jive feet over all, that 
is, including the width of the two rails, and, as Jessop's 
edge rails and the Killingworth tramroad had rails 
If inches wide, it is easy to see that the width of 
two such rails deducted from 5 feet leaves 4 feet 
8-^ in. between the raUs, or what we now consider the 
national gauge. George Stephenson saw no reason to 
alter the gauge, therefore he adopted 4 ft. 8^ in. for 
the Stockton and Darlington and the Liverpool and 
Manchester railways, and, when consulted as to the 
gauge for the Leicester and Swannington, and the 
Canterbury and Whitstable Railways, he replied, 
" Make them of the same width ; though they may be 
a long way apart now, depend upon it they will be 
joined together some day." The " fish-belly " rails, 
15 feet long, were adopted for all these lines. 

The Stockton and Darlington railway scheme was 
one of the important turning points in the railway 
history. George Stephenson was appointed engineer, 
and application was made to Parliament in 1818; 
twice the Bill was rejected, but it passed in 1821, and 
on the 27th of September, 1825, the line was opened. 
It was not at first intended to work this railway by 
locomotives, and some fixed engines and ropes were 
provided, but the locomotive quickly proved its supe- 
riority over all other systems. 

The Liverpool and Manchester has been truly desig- 
nated as the Grand British Experimental Railway. 
George Stephenson was in this case also appointed 
engineer, and the line was opened to the public 15 th 
September, 1830. Some time before the opening, the 
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question of locomotive, or fixed engines and ropes, 
naturally came before the directors, as it was necessary 
to arrange for working the line ; and, notwithstanding 
reports, the directors did not feel able to come to a 
decision, when one of their number — Mr. Harrison — 
proposed, " That a reward be publicly offered for the 
most likely mode of eflFecting their object ; " and on 
the 20th April, 1829, it was resolved to offer a premium 
of £500 for the best locomotive engine, subject to 
eight conditions as to weight, load, pressure of steam, 
price, &c., and the offer was made on the 25th April. 

, October 1st, 1829, was fixed for the trial, but was 
subsequently altered to the 8th, the running ground 
being on the Manchester side of Bainhill Bridge ; and 
the following engines were entered for the prize :— 

Engine. V Maker. 

The Kocket G. Stephenson. . 

The Novelty ; Braithwaite and Erickson. 

The Sanfl Pareil Hackworth. 

The Perseyerance Barstall. 

The result of the trial (which lasted from the 8th to 
14th October) conclusively proved that the " Rocket " 
of Mr. Stephenson was the best engine, and the price 
of £500 was consequently awarded, as it had per- 
formed all the conditions and stipulations required by 
the company. It will thus be seen that the Bainhill 
trials of 1829 settled the locomotive question, and led 
tp the introduction of railways throughout the world. 

It has been mentioned that the " elliptical " rail was 
adopted with a view to obtaining uniform strength 
throughout its length ; experience, however, proved 
that this was not the case in practice, as all the rails 
which broke failed at a point between 7 in. and 9 in. 
from the nearest chair. It was also shown that 

c 
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after one side of the top was worn, the rail could not 
be used on the other without the chairs being taken up 
and turned round ; also that it was very inconvenient 
in practice that chairs could only be placed at certain 
points — that is, at the shallow parts of the rails. 

To avoid these defects a rail was designed having a 
single head, but the under side was made straight and 
parallel to the top : this was known as the " single 
parallel pattern." These rails were 15 ft. in length, 
and were secured to the chairs by a ball and key 
fastening; a groove was rolled in one side of the 
rail into which a small cast-iron ball fitted, this ball 
being in turn held firm by a wrought-iron key passing 
through the chair. This system of rail and fastening 
was largely used on the North Midland, Manchester 
and Leeds, Birmingham and Derby Junction, and 
many other lines. Mr. Locke adopted the "double 
parallel rails," and laid them down on the Grand 
Junction Railway. These had double heads, and were 
therefore capable of being turned ; they were placed 
in chairs 3 ft. apart, and secured by wooden keys. 
From this description it will at once be seen that Mr. 
Locke's system is the one in general use at the present 
day. 

Great diJQference of opinion existed as to the merits 
of the various forms of rails. The directors of the 
London and Birmingham Railway, being in doubt, 
employed Professor Barlow to conduct a series of 
experiments. He did so, and reported in favour of 
Locke's "double parallel," and against Birkinshaw's 
"fish-bellied" rail, and this report led to the very 
general adoption of the former system. 

Soon after the opening of the Leicester and Swan- 
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nington Railway, which took place 17tli July, 1832, 
opinions were expressed against wooden sleepers, 
especially in cuttings. It therefore became the fashion 
to adopt " stone blocks," and, to consolidate the road- 
bed, it was the general practice to lift each block by 
means of a lever, and allow it to fall several times on 
the seat upon which it was intended ultimately to rest. 
This method of obtaining a firm road was first employed 
by Mr. Stephenson on the Liverpool and Manchester line. 

Nothing can be worse than a rigid permanent way, 
but in the early days of railways this fact was not 
known or understood, consequently very many ideas 
and inventions proved failures. They provided a very 
strong road, but the rigidity was so great that the 
permanent way and rolling-stock were jarred to pieces, 
not worn out by ordinary working, thus clearly show- 
ing that a certain amount of " elasticity " was abso- 
lutely necessary. When Mr. Brunei originally design^ 
the permanent way for the Great Western Railway, a 
peculiar feature was introduced (in addition to the 
broad 7 ft. gauge and the longitudinal sleepers), 
which consisted in the employment of piles driven in 
pairs along the whole length of the way, at intervals 
of 15 ft. ; these piles were of beech, 10 in. diameter, 
12 ft. long, driven down into the earth so that the top 
of each was nearly level with the rails, and to the tops 
of these piles the cross timbers were firmly bolted, 
which in turn held the longitudinal sleepers. This 
plan was carried out in 1838—9 between London and 
Maidenhead, but the results very quickly induced Mr. 
Brunei to abandon the piles and lay the timbers on 
the ballast in the ordinary way. 

Practical working soon proved that the "pile" 
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system was nearly as rigid as the " stone block road," 
and wlien the ballast subsided^ as it constantly did, 
the whole weight was placed upon the piles. 

Another attempt to obtain a firm permanent way 
was made upon the Manchester and Leeds Eailway in 
1839. One part of the line passed for some distance 
through a rock cutting, and, instead of using sleepers, 
the solid rock was dressed to a surface, and the chairs 
spiked directly to it. The company's officials con- 
tended, and expected that this portion of line would 
stand firm for ever. However, the road was so rigid 
that if a train passed over it at more than a walking 
pace, rails and springs were broken, and in less than 
three weeks from the opening of the railway orders 
were given for the rails to be taken up and placed 
upon sleepers in the ordinary way. 

Mr. Jesse Hartley constructed some parallel walls 
of granite, upon which he bolted the rails. The rigidity 
was so excessive that rails, tyres, and springs were 
broken daily, and the plan proved a complete failure. 

A report contained in the Leicester and Swanning- 
ton Company's books, dated May, 1842, shows that 
the " stone blocks '* which had replaced many of the 
sleepers required constant attention, lifting, packing, 
and keeping to gauge, also that " the riding over them, 
was harder than on the oak sleepers.'' 

However, " stone blocks " remained in use on many 
lines for a period of over forty years, and some even 
exist in sidings and branches at the present day in 
various parts of the country. 

During the years 1847—51 great attention was 
given to the subject of iron permanent way, it being 
the general opinion at that time that wooden sleepers 
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were of too perishable a nature. Many inventions 
were tried. The one which appears to have been most 
successful wasW. H. Bariow's patent. This system 
had cast-iron sleepers placed longitudinally. Each 
sleeper consisted of an inverted trough 4 ft. 8^ in. 
long, 1 ft. 1^ in. wide, and 3 in. in height, with the 
chairs upon it, cast in one piece, the wooden keys 
being placed inside ; the rails were of iron, 18 ft. long, 
double-headed, and fished at the joints ; the gauge of 
the hne was maintained by a wrought-iron transverse 
tie-bar attached to the sleepers. This "iron road'* 
was tried upon several sections of the Midland Hall- 
way, especially through tunnels. The first portion 
laid was slightly over a mile in length, and extended 
through the Glenfield Tunnel on the Leicester andSwan- 
nington branch, the next being the Thackley Tunnel, 
Shipley, followed by the Gresley Tunnel, near Burton, 
and many others. Experience quickly proved that this 
system was too hard and rigid, and, as the weight of 
engines gradually increased, the cast-iron sleepers, were 
constantly broken. Eor a number of years past the 
Glenfield Tunnel has been the only remaining portion 
of the iron road in use, and on this account the mouth 
of this tuimel has been constently visited by engineers 
and others who wished to examine these old links in 
the history of permanent way ; but in March, 1884, 
the removal of the cast-iron road was completed, after 
having been in traffic over thirty-two years. 

The Barlow "Saddle-back" wrought-iron rail was 
designed to dispense with sleepers and chairs altogether, 
the foot of the rail being considered wide enough to 
obtain the necessary bearing surface upon the ballast, 
the gauge being maintained by wrought-iron tie-rods. 
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The fatal objection to all rails of this type was found 
to be tbeir rigidity, and the great disadvantage of the 
impossibility of properly packing them. 

One of the first requisites for a railway is a good, 
sound permanent way, placed upon a well-drained and 
properly ballasted road-bed. This is a subject of very 
great importance, and deserves far more attention than 
is sometimes bestowed upon it, for there can be no 
doubt that good ballast is to a railway what a good 
foundation is to a building; defective drainage and 
ballast often cause subsidence and lateral deviation, 
increase the cost of maintenance both of road and 
rolling-stock, and, what is far more serious, will pro- 
bably render the line unsafe and lead to an accident. 

It may often be noticed on badly-drained railways 
that water lies under the sleepers, and that when a train 
passes, mud is thrown up as each sleeper in succession 
sinks under the pressure of every wheel, the fish-joints 
bend and spring back, the rails rise and faU in the 
chairs with a clattering noise, the wooden keys shake and 
often fall out ; thus the permanent way is strained, and 
consequently the trains oscillate considerably. Having 
obtained a good dry road-bed, it is necessary to con- 
sider the requirements of the permanent way and the 
duties it has to fulfil. In the first place, it must be 
strong enough to carry the loads which pass over it, and 
also to resist the lateral action due to speed and oscilla- 
tion, which tends to the " spreading '' of the rails. 

It must be specially remembered that when speaking 
of the load on the permanent way the author does not 
refer simply to the total weight of the engine or vehicle, 
but to the maximum weight which is or can be placed 
upon it at any one point ; that is, upon any one pair of 
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wheels. Therefore a heavy engine of 38 or 40 tons, 
having the weight well distributed over six or eight 
wheels, will not cause as much wear and tear or damage 
to the permanent way as a comparatively light engine 
with a great weight placed on one pair of wheels. Many 
locomotive engines are in use in this country having 
16, 17, and nearly 18 tons resting upon a single pair 
of driving-wheels ; and it is this great concentration of 
weight which forms the principal difficulty which per- 
manent-way engineers have to overcome. 

Rails may be considered as girders ; they must have 
strength enough to carry the load which rolls over 
them, and sufficient bearing upon the chairs ; the chairs 
must have a good bearing to prevent their being crushed 
down into the sleepers, and in like manner the sleepers 
must have surface enough to prevent their being crushed 
into the ballast ; the spikes and tree-nails must resist all 
lateral action and maintain the gauge of the line. Per- 
manent way, therefore, must be strong and firm, but at 
the same time possessing a certain amount of elasticity ; 
it is very necessary that the elasticity should be uniform 
throughout, and not a system of alternate elasticity and 
rigidity, in which it serves to aggravate the rigidity by 
causing a succession of jumps and jerks. 

Previously to the year 1847 rail-joints were placed 
over sleepers in joint-chairs, which were wider than the 
ordinary ones. The joint thus made was never satis- 
factory, and upon several occasions the keys fell Out of 
the joint-chairs, and trains or vehicles left the line in 
consequence. The well-known "fish-plates" were intro- 
duced by Mr. Bridges A4ams in 1847, and it is hardly 
necessary to point out that they are very successful, 
and are now in universal use. 
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About the year 1847 great difference of opinion 
existed as to the advantages of the *' suspended fish- 
joint/* and of the "joint supported by a sleeper." 
Engineers had become so used to the supports placed 
under the joints that, great objections were raised to 
fish-plates and joints suspended between two sleepers, 
and several inventions were tried with a view to obtain 
a comproniise. Mr. Samuel introduced a bracket-chair, 
which was largely used. It consisted of a chair and 
fish-plate combined, the fish on one side being cast with 
the chair and an ordinary fish-plate placed on the other 
side, four bolts being employed in the ordinary way. 
A somewhat^ similar chair and fish-plate combined was 
afterwards introduced by Mr. Adams, who also designed 
a modification of the joint-chair and fish-plate capable 
of uniting the ends of rails of different heights and 
sections, but they have given place to the usual fish- 
joint. 

There can be no question that the suspended fish- 
joiBt gives greater elasticity, and renders the deflection 
of every part of the permanent way as uniform as pos- 
sible under the weight of a passing train. The author 
has for a long time directed the attention of permanent- 
way engineers to a matter which on many railways 
requires improvement, namely, the positions of sleepers 
on each side of a rail- joint. To obtain a good soimd 
road a chair and sleeper should be placed on each side 
of a joint as near as possible to the fish-plates; from 
the joints of the rails to the centre of the nearest chair 
on either side should never be more than 12 or 13 inches. 
Doubtless many of my readers often see sleepers brought 
close up to 'the joint on one side, whilst the centre of 
the next sleeper may be 2 feet or 2 feet 6 inches on the 
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other side. This is a common, but at the same time an 
objectionable practice. To obtain a smooth road uni- 
formity of elasticity and deflection is very necessary, 
for if the deflection be not equal throughout, pitching 
motion is at once created, followed by violent oscilla- 
tion, which is detrimental to the permanent way itself 
an,d injurious to the locomotives and rolling-stock. It 
has already been mentioned that the system of fastening 
rails by wooden keys was Originally introduced by Mr. 
Locke upon the Grand Junction Railway ; Mr. Barlow 
afterwards invented a hollow wrought-iron key of a 
similar shape to the usual wooden one ; those were tried 
for a short time, but their use proved that elasticity in 
keys was absolutely necessary. 

A large number of other systems were tried, and 
proved failures solely on account of their extreme 
rigidity. The position of rail-keys has recently engaged 
considerable attention, in consequence of the change 
made by the Midland Eailway Company. 

On the majority of lines the keys have always been 
placed otitside the rails, and previously to the year 1850 
this was the usual plan ; at that time, and during the 
ten following years, the Midland Company employed 
both the '^ outside " and '^ inside '' systems, and found 
that the keys pl^^ced '' outside " came out of the chairs 
to a serious extent ; on some occasions three and even 
four consecutive keys were found to be out, the result 
being that there was nothing to prevent the train from 
" spreading the road'' to a dangerous extent, and cases 
did actually occur of vehicles leaving the line in conse- 
quence. The company therefore, in 1860-1, considered 
that the inside position was to be preferred, as if the 
keys should come out there would be no danger, the 
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gauge of the line being maintained by the outer jaw of 
the chair, and not by the key. It was also considered 
that platelayers would more conveniently examine their 
lengths of permanent way when they could see the keys 
of both rails at one time. 

The inside keys gave general satisfaction for several 
years, and there was no doubt that the system made a 
good strong road ; the question is whether it was not 
too strong, amounting to rigidity, for since the weight 
of engines and rolling-stock has increased, the number 
of broken chairs has become a very serious matter for 
consideration and attention. 

Complaints have for a long time been made that 
Midland trains appear to run " harder " and mori^ 
" noisily ** than those of some other lines. 

One cause of " noise " is doubtless to be found in the 
inside keys, and another in the low system of ballast- 
ing. The recent decision of the Midland Company to 
adopt outside instead of inside keying has called atten- 
tion to the whole question of permanent way, and pro- 
moted considerable discussion in engineering circles. 
The advocates of the inside and outside systems appear 
to have been very equally divided, and powerful argu- 
ments have been brought forward upon each side ; but 
it must be admitted that the introduction of wood 
between the rail and chair will provide the necessary 
elasticity which is so evidently required to prevent the 
continual breakage of chairs. 

Experiments are being made to obtain some really 
good system of preventing keys working out of the 
chairs. Several plans are being practically tested 
upon parts of road with the heaviest traffic. Good 
results have been attained by the use of the chairs 
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whicli are rouglied or have teeth on the inner side of 
the jaw. 

Another form of key has been introduced by Mr. 
Gradwell, of Barrow-in-Furness. It is- of wood, 
shaped so that it can only be driven into, or come out 
of, the chair in one direction. A piece is sawn out, or 
four saw cut^ made. To drive a key into its place, the 
end is compressed, and afterwards expands, practicaUy 
forming a spring which prevents its falling out. With 
a view to giving additional elasticity to the road, the 
*' Steen Chair and Spring Key " has recently been tried 
experimentally, and consists of a strong curved spring 
key, formed in the centre to fit the chair, the ends 
pressing against the rail, and in order to prevent the 
ordinary wooden keys falling out, some are now being 
tried with an improved means of fastening, which 
consists in cutting a groove or saw cut in the key to 
receive an iron or steel wedge having serrations or 
teeth on each side to prevent slipping back. 

It will be noticed upon many railways that the 
sleepers and the undersides of the rails are covered 
with ballast. This tends very materially to insure 
quiet running ; but, on the other hand, in rainy 
seasons it keeps the permanent way in a wet state, 
imless very well drained. The Midland Company 
adopted the plan of never allowing the ballast to cover 
the sleepers, thus insuring a dry road, but at the same 
time a noisy one. This plan is now abandoned, and 
the ballast is being raised upon all relaid portions of 
the line, which, together with the outside keys, has had 
the desired effect of reducing noise and vibration. In 
shunting-yards and sidings the ballast should always 
be raised (both between the rails and in the six-foot 
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way) to the level of, or very little below, the top of the 
rail. Many guards and shunters are annually killed 
and injured by catching their feet against the tops of 
the rails when stepping under the buffers of waggons, 
either to couple or uncouple them, and, of course, any 
slip made at such a critical moment is almost certain to 
result in serious consequences ; and, as the raising of 
the ballast to the required level in shunting-yards is 
such a very simple and inexpensive matter, it is to be 
hoped the companies will do all in their power to 
reduce the danger as far as possible. At the present 
time permanent way may be divided into two classes :- 

1. The cross sleeper road in general use. 

2. The longitudinal system used on the Great 
Western Railway. 

Rails may be considered under four classes : — 

1. Single or bull-headed. 

2. Double-headed. 

3. Bridge pattern. 

4. Vignole's pattern. 

Various companies make differences in detail, but 
the Midland may be selected as a fair example of the 
ordinary 4 feet 8^ inches gauge, cross-sleeper road, as 
follows : — The rails are of steel, *' bull-headed,^' 30 feet 
long, 5-^- inches deep, width of top 2|- inches, weighing 
85 1 s. to the yard, having a sectional area of 
8 square inches, and are laid with an inclination of 
1 in 20 towards the inside, or four-foot way. The 
chairs are of cast iron, each weighing 50 lbs., and are 
fastened to the sleepers by two iron spikes and two oak 
tree-nails. The sleepers are rectangular, 9 feet long, 
10 inches wide, 5 inches thick, weighing 134 lbs. each, 
and placed at a distance of 2 feet 9|> inches apart 
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"between centres, except at the joints, where they are 
only 2 feet 2 inches apart. The fish-plates are upon 
the clip pattern — that is, they clip the rail by nearly 
meeting under it. They weigh 40 lbs. per pair, and 
the four bolts 1*68 lbs. each. To obtain correct data, 
the materials have been carefully weighed, and it 
is found that one yard of permanent way averages — 

Lbe. 

Steel 170 

Wrought iron 14*9 

Cast iron 110 

Wood /. . 161.9 

Total 446-8 

Double-headed rails, capable of being turned, are in 
use on many railways ; the general details of road are, 
however, very similar to the above. 

" Turned '' rails should never be used on any 
passenger line, both on account of the jar caused by 
running over the chair-marks, and also the increased 
liability of a rail to break when turned. The longitu- 
dinal system of sleepers was employed by Mr. Brunei 
for the broad gauge Great "Western Railway, and was 
afterwards adopted in all cases where the seven -feet 
gauge was laid. The longitudinal timbers or baulks 
are of yellow pine, creosoted ; they are rectangular, 
14 inches wide, 7 inches thick, varying in length from 
25 to 35 feet, and weighing about 40 lbs. per cubic 
foot ; the gauge is maintained by transoms secured to 
the longitudinals by tie-bolts or iron-straps. The rails 
are of steel, of the " bridge pattern,'' varying in length 
from 18 to 30 feet, and in weight from 62 to 68 lbs, 
per yard. The 68 lbs. rails have a sectional area of 
7 square inches, and are 6^ inches wide at the foot^ 
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and 3 inclies high ; they have a continuous bearing on 
the longitudinal timbers, to which they are fastened 
by fang-bolts passing through holes in the flanges. It 
has been found that the rails are in time pressed 
into the timbers, and, to avoid injury to the latter, 
packing 1 inch thick of yellow pine is generally placed 
under the rails. On a large portion of this line, the 
" mixed gauge " is now laid, which consists of a third 
rail to be used by narrow gauge trains, one of the 
broad gauge rails being common to both. The Vig- 
nole's system is only employed to a limited extent, and 
consists of a single-headed rail with a flat foot. It is 
used either with or without chairs, on either cross or 
longitudinal sleepers. During the year 1885, 287 
broken rails were reported ; of these 132 were double- 
headed, 145 single or bull-headed, and 9 were of the 
bridge pattern, and 1 Vignole's pattern. Of the 
double-headed rails, 68 had been turned, 54 rails were 
made of iron, and 233 of steel. 

The old system of slide points has long ago become 
extinct upon all railways, but may still be seen in use 
on temporary lines and colliery sidings. By this 
arrangement a single pair of rails was fastened at one 
end by bolts, the other ends being capable of being 
moved sideways, so as to connect with two, three, or 
even four lines of way. The present form of points 
consists of two outer or fixed stock rails, and two inner 
or movable switch rails, tapered to a point or tongue. 
These point rails are fixed at the heel-end by either a 
pair of fish-plates or a heel-chair. Points, although 
of one construction, are known under various names, 
according to the position in which they are employed. 
Facing, trailing, slip, double slip, leading, cross-over. 
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safety and catch points, the names clearly indicating 
their several uses. Facing points at junctions, and 
leading points from goods lines or sidings to main 
passenger lines, should always be provided with lock- 
ing bars and bolts, and be properly interlocked with 
the signals giving permission for a train to run in any 
desired direction. Crossings are of t^^o kinds, the 
ordinary rails cut and joined, and cast-steel crossings 
complete in one piece. Crossings deserve far more 
attention than they sometimes receive, for if check- 
rails are allowed to become loose, and crossings to get 
out of position, it is a very easy matter for the leading 
wheel of an engine to strike and mount the fixed point 
of the crossing, thus throwing a train off the line, as 
was the case at Wennington Junction on the Midland 
Railway, 11th August, 1880, when eight persons were 
killed, and a very large number seriously injured. 
There is a common but very dangerous practice in use 
on some lines, of laying rails round curves tight to 
gauge, that is at a less width than 4 feet 8^ inches. 
Many accidents have been thus caused, and the author 
finds that nothing conduces to easy and safe running 
on curves so much as a little extra width in the gauge. 
All sharp curves of ten chains radius and under should 
be provided with a check-rail placed round the inner 
side ; the outer rail should be sufficiently super-elevated, 
and the speed of trains carefully reduced and regulated. 
Engines having a long rigid wheel base ought not to 
be employed on lines having sharp curves. The super- 
elevation of the outer rail is usually determined by the 

following formula :W -7-77^-^=7-= elevation of outer 
rail in inches. "Where W = gauge in feet, V = 
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velocity of train in miles per hour, and R =: radius of 
curve in feet. 

In concluding this chapter, reference should be made 
to the steel permanent way, designed by Mr. F. "W". 
Webb as a substitute for the usual system of wooden 
sleepers and cast-iron chairs. The sleepers are by 
preference of the ordinary trough section, and the 
chairs are riveted to them. The chairs, which form 
the chief feature of the design, are made from the crop 
ends of steel rails. These are first rolled into flat bars, 

. and then cut and stamped into shape with a bulge in 
the middle of their width, so as to give strength to the 
jaws, and also to form a recess into which the wooden 
key may expand, and so prevent it from working out. 
It will be noticed that each chair is made up of two 
angle brackets and a packing piece, which serves to 
keep the rail from injuring the sleeper. Another 
feature is the placing between the sleeper and the chair 
pieces of paper or canvas, dipped in tar or asphalte, to 
keep out any moisture and to prevent sliding or 
wbrking between the chair and the packing, and the 

. packing and the sleeper. It is claimed for the system 
that it seems to offer every advantage for economy and 
simplicity, of manufacture ; and there can be no ques- 
tion that if it were generally adopted the cost of pro- 
duction would be greatly reduced. It would also be 
essential, as far as possible, to introduce one standard 
form of sleeper, and one standard form of punching, 
so that companies wishing to adopt steel sleepers may 
go into the market for them, as they would for a piece 
of timber for the same purpose, and not have to ask 
the manufacturers to alter their rolls or their machinery 
for punching the holes for every small order required. 
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The experiments with this form of permanent way 
commenced in May, 1880, and the North- Western 
Company has now 32,174 of the sleepers in use, and it 
is reported that those laid down six years ago are 
giying good results. With regard to first cost, this 
system is stated to compare favourably with the cost of 
the ordinary plan. A hollow steel spring key has also 
been tried by Mr. Webb. There can be no question 
that Mr. Webb's steel permanent way forms a very 
strong and soimd road, but the subject of its rigidity is 
an all-important matter for consideration. Opinions 
differ very widely, and in the absence of necessary 
data, it is essential that some experiments should be 
made upon the subject before a correct estimate can be 
arrived at with reference to the probable success of 
steel permanent way. 

The author has recently examined the steel sleepers 
on several sections of the North Western, the mile of 
line near Kettering on the Midland, also the portion of 
the Team Valley Branch of the North Eastern Bail- 
way, and finds that the steel sleepers cost about twice 
as much as the wooden ones ; but they will doubtless 
last a long time, and are costing less in maintenance. 
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CHAPTER III. 

Railway Signalling. 

The latest official information with reference to the 
signalling of railways in the United Kingdom is to be 
found in the Board of Trade Returns upon the arrange- 
ments and systems of working on the 31st Decem- 
ber, 1884, the details being given under two headings : 
(1) The interlocking and concentration of signal and 
point levers; (2) the systems upon which the lines 
are worked relating to the block system, &c. 

Table No. 1 shows that the levers require "con- 
centration" in 5,389 cases, and "interlocking" in 
5,189 instances ; also, that no less than 3,130 pairs of 
" safety points " are requisite. From table No. 2 it 
will be seen that the total length of line open for pas- 
senger traffic was 17,933 J miles, of which 13,832 miles 
were worked on the absolute block system. There are 
366 miles of single railway upon which only one engine 
at one time, or two coupled together, are allowed: 
thus leaving a balance of 3,735 miles which are still 
worked upon inefficient principles, and requiring the 
introduction of the absolute block system. 
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INTEELOCKING OF SIGNALS. 
Summary No. 1. 



Namber of cases in which 
any passenger line is con- 
nected with, or crossed on 
the loyel by 






England and 

Wales . . 
Scotland . . 
Ireland . . 



Total United \ ^ q^r 
Kingdom. f|' ' 



n 
If 



3,861 
729 
385 



I 



I 



1,336 

213 

76 



I 

'E3 



1,625 



17,292 
3,102 
1,194 



I 



>» 

^ 



Number of oases in which the usual re- 
quirements of the Inspecting Officers of 
the Board of Trade haye, or have not, 
been complied with in the following 
respects :— 



6,499 
991 

277 



21,588 7,767 



Concentra- 
tion of signal 
and point 
levers. 



Interlocking 
of signal and 
point levers. 



Have 



25,916 

3,797 

853 



30,566 



Have 
not 



3,072 
1,238 
1,079 



5,389 



Have 



26,089 

3,763 

914 



30,766 



Have 
not 



2,899 
1,272 
1,018 



5,189 



Addition of 

safety points 

incase of 

goods lines 

and sidings. 



Have 



16,867 

2,628 

588 



20,083 



Have 
not 



1,761 
687 
682 



3,130 



THE ABSOLUTE BLOCK SYSTEM. 
Summary No. 2. 





Total Length of Kailway 

Opened for Passenger 

Traffic. 


Distance Worked on the 
Absolute Block System. 


Double. 


Single. 


Double. 


[Single. 


England and Wales 
Scotland .... 
Ireland .... 

United Kingdom . 

Total . . . 


MUes. 
8,641i 
1,130 

591i 


Miles. 
4,1871 
l,647i 
1,925J 


Miles. 
8,025J 

1,0671 
141 


Miles. 
3,170 
1,113 
314f 


10,172f 


7, 7601 


9,234i 


$1 4,597f 


17,9 


33i 


13,832 



The following table gives in detail the facts relating 
to the more important railways, from which it will be 
seen that some of the principal lines have made con- 
siderable progress ; — 
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Total Length of 


Distance worked 




Line Open 


nponthe 

Absolute Block 

System. 


Bailway. 


for Passenger 
Traffic. 


Double. 


Single. 


Doable. 


Single. 




Miles. 


Miles. 


MUes. 


Miles. 


Cheshire Lines 


125 


... 


92 




Fiimess 


72 


34 


71 


34 


Great Eastern 


494 


473 


494 


208 


Great Northern 


570 


169 


556 


91 


Great Northern and Great 










Eastern Joint . , 


111 


5 


111 


5 


Great Western 


1,041 


988 


889 


753 


Lancashire and Yorkshire 


423 


17 


423 


9 


London and JN orth- W estem . 


1,363 


311 


1,347 


280 


L. & N.-W. & G. W. Joint . 


111 


27 


111 


16 


London and South- W estem . 


523 


225 


523 


200 


London, Brighton, and South 










Coast 


339 


118 


339 


118 


London, Chatham, and Dover 


167 


10 


167 


10 


Manchester, Sheffield, and 










Tiinp-nl-nshiTft 


266 
988 


3 
278 


185 
951 


215 


Midland ..... 


North-Eastem 


921 


425 


916 


412 


North Staffordshire 


149 


19 


143 


19 


South-Eastem 


333 


37 


333 


37 


Somerset and Dorset Joint 


2 


89 


2 


89 


TaffVale . . . . 


52' 


12 


6 


1 


Caledonian .... 


426 


354 


421 


203 


Gleisgow and South- Western . 


218 


112 


211 


70 


Great North of Scotland 


23 


275 


23 


269 


Highland .... 


6 


408 


6 


408 


North Sritish .... 


400 


69 


353 


139 


.Great Northern of Ireland 


136 


371 


3 


14 


Great Southern and Western . 


206 


301 


21 


17 


Midland Great Western . 


149 


275 


68 


9 



The Block System Described. 

It is hardly necessary to mention that the object of 
the absolute block system is to maintain a certain 
interval of space between all trains^ instead of the 
uncertain interval of time as formerly in use. 

The line is divided into sections varying in length 
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from a few ohains to four or five miles^ according to 
the amount of traffic that has to be passed over it. A 
signal-box is placed at the termination of each section, 
and is proyided with two electric bells and four block 
telegraph instruments^ one bell and two instruments, 
Fig. 2, being for working the up and down traffic in 
each direction. Each signal-box is further proyided with 
up and down "Distant/* "Home," and "Starting" 
signals, and " Lie By '' or shunting sidings are con- 
Fig. 2.— THE BLOCK SYSTEM. 
DuoRAMS OF Dials of Instruments (Nbbdlb Pattern). 
Up Line. Down Line. 



TRAIN ON 
LIN& 



LINE 
CIXAR 




J 



TRAIN ON 
LINE 



LINE. 
CLEAR 




structed at such places as it is found necessary to allow 
a fast or important train to pass a slow train. 

For the purpose of illustrating the course to be 
adopted in signalling by the block telegraph : A, B, 0, 
and D, Fig. 3 (Plate I.) are supposed to represent four 
consecutive block boxes upon a portion of a double line 
of railway, and the process of signalling a train is as 
follows :— On the approach of a train to A, the signal- 
man there will call the attention of B, and then give the 
proper "Is line clear?" bell and dial signals. The 
signalman at B, after having ascertained that the Une is 
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clear for the train to run upon, must repeat the signals, 
and when he has received the necessary intimation from 
A that he has repeated the dial signal correctly, which 
intimation must not be given by A until the bell signal 
has also been correctly repeated, he must peg the 
needle to " Line clear/' The train may then be? dis- 
patched from A. As soon as the train has passed A, the 
signalman there must call the attention of, and give 
the bell signal, "Train entering section,'' toB, and the 
signalman at B must acknowledge the signal and 
impeg the needle. The signalman at A must then give 
to B the proper "Train entering section" dial signal, and 
when the signalman at B has acknowledged that signal 
and received the necessary intimation &om A that his 
acknowledgment is correct, he must peg the needle to 
" Train on line,'* and then call the attention of, and give 
the " Is line clear P" signal to C. As soon as the train 
has passed B, it must be signalled, as above directed, to 
C and the signalman at C must in like maimer, call the 
attention of , and forward the "Is line clear?" signals to 
D, and so on throughout the block system. 

If the second train should arrive at a signal-box before 
the preceding one has been signalled as " Out of section," 
it must be brought to a stand and detained at the start- 
ing-signal until such time as the section ahead is clear. 

Eor many years the codes of signals on different 
lines were separate and distinct, and at junctions there 
was the difficulty and danger of one man having to 
work two or more different codes. This was the cause 
of the serious accident at Canonbury Tunnel, and led to 
the companies parties to the Clearing House adopting 
a more uniform system, which came into use October 
to December, 1884. For the purposes of illustration. 




i 
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the Midland, Great Northern, and Great Western 
signal codes are here appended : — 

MIDLAND. 

WHEN THE NEEDLE OP THE INSTRUMENT OF THE SECTION 
AHEAD IS IN THE VERTICAL POSITION THE LINE MUST 
BE CONSIDERED BLOCKED. 

When the instruments are not in use, the handles 
must always be kept upright, so that the needles may 
stand in the vertical position. The needle and bell 
signals must be made slowly and distinctly, and the 
hand must be removed from the handle the moment 
the signal has been sent. The handles must not be 
touched, except when signals are being forwarded or 
acknowledged. Signalmen, on setting the needle to 
" Train on line," or " Line clear," must take care that 
it is firmly and completely pegged over. 

Signal lights : red, stop; white, all right; green, all 
right at junctions. 

The block instruments must not be used for con- 
versing. 

BELL SIGNALS. 

To call attention . 1 beat of the bell 

Is line clear for stopping goods or mineral train, \ 

ballast train requiring to stop in section, or f o v f 

platelayers' lorry requiring to pass through ( ^ beats ,, 

tunnel? / 

Is line clear for passenger, break-down van, or ^ 

empty carriage train ? ..../*'» »> 
Is line clear for fish, meat, cattle, express goods, \ 

empty fish vehicle, through goods, mineral, > 6 ,, ,, 

or ballast train, or light engine ? . . ) 

Train entering section 2 

Obstruction danger signal 6 

Stop and examine train 7 

Signal given in error, train last signalled not ) ^ 

coming J o >» i> 

Train passed without tail lamp (to post in advance) 9 » > » 

Train divided 10 >> >» 

Shunt train for following train to pass . . 11 ,, ,> 






>> if 

y> it a 

a a a 
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Train or vehicles running away on wrong line . 12 beats of the bell 

Section clear and station or junction blocked . 13 ,, 

Train or vehicles running away on proper line . 14 ,, 

Opening of signal post 13 m 

Testing bell signal 16 y. 

Closing of signal post 17 ,, 

Time signal 18 ,, 

Lampman or fog-signalman required . . . 19 ,, 

Testing controlled signals 20 ,, 

DIAL SIGNALS. 

Signal correctly repeated .... 1 beat of needle to right 
Is line clear for fast passenger train P . .3 beats 

Is line clear for slow passenger train P . 4 

Is line clear for express goods or cattle train P 5 

Is line clear for through goods, mineral, or ) . 

ballast train, or light engine ? . . j " »i a it 

Is line dear for stopping goods or mineral ) ^ 

train P ) *' " " 

Is line clear for ballast train requiring to i 

stop in section, or platelayers' lorry J 8 

requiring to pass through tunnel P . ) 

Testing dial signal 16 ., 

Signal incorrectly repeated .... 1 beat „ left 

Fast passenger train entering section . . 3 beats 

Slow passenger train entering section . . 4 
Express goods or cattle train entering *> 

section j ^ a a a 

Through goods, mineral, or ballast train, ) 

• or light engine entering section . f ^ a a 

Stopping goods or mineral train entering ) 

section ) " " " 

Train passed without tail lamp (to post in | 

rear) i ^ 

Testing dial signal 16 

Train out of section 2 „ ,, right 



it a it 

it a a 

a a 

a it it 



it 



it a a 

it it it 



Giving permission for a train to approach, and giving " Train out of 

section" signal. 

Except where special instructions to the contrary are 
issued, permission must not be given for a train to 
approach when there is, within a quarter of a mile 
ahead of the home signal, any obstruction on the line 
on which such train requires to run, nor until all the 
points over which it has to pass have been placed in 
the proper position, and where block posts are not more 
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than a quarter of a mile apart, not until the " Train 
out of section '' signal has been received from the post 
in advance for the previous train ; and after permission 
has been given for a train to approach, no obstruction 
of the line upon which such train requires to run must 
be allowed within a quarter of a mile ahead of the 
home signal, and the points over which it has to pass 
must not be moved until it has passed, or been brought 
to a stand, or the signal, ''Signal given in erJbr, 
train last signalled not coming/' has been received 
from the post in the rear. 

GREAT NORTHERN. 

Came into force at 1 p.m., December 1st, 1884. 

BELL SIGNALS. 

To call attention ^ I beat on bell 

Train on line 2 beats ,, 



if if 



Be ready for goods, mineral, or ballast train stop- ) » 
ping at intermediate stations . j 
,, ,, ,, passenger, special fish, or meat, nm- \ ^ 

ning in passenger train time . J » >> 



>i >> >> 



express goods, fish, cattle, light j 

engine, or through mineral train, | 6 ,, „ 
stopping at chief stations only . j 

Obstruction danger signal 6 ,, ,, 

Stop and examine train 7 ,, ,, 

Signal given in error (cancel signal last sent) . . 8 ,, ,, 

Train passed without tail lamp . ' . . . . 9 ,, ,, 

Train divided 10 ,, ,, 

Shunt train for following train to pass . . .11 

Vehicles running away on wrong line . . . 12 ,, 
Section clear and station or junction blocked, to be \ 

used where authorised by General Manager or > 13 ,, ,, 
Superintendent of the Line . . . . ) 

Vehicles running away on right line . . . 14 ,, ,, 

Opening of signal box 15 }> n 

Testing 16 

Closing of signal box . . ... . . 17 ,, 

Time signal . . . . . . . 18 ,, ,, 






It a 



DIAL SIGNALS. 

Signal correctly repeated .... 1 beat of needle to right 
,, incorrectly ,,.... 1 ,, „ left 



if 






right 
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Passenger, sj^ecial fish, or meat ^ 

train running in passenger > On line 2 beats of needle to left 

train time ... ) 

Express goods or cattle train . ^ n ^ 
Express fish train or light engine ,, ,, 4 
Mineral or ballast train stopping \ , 

at chief stations only . . . j *' " 
Goods, mineral, or ballast train ) ^ 

stopping atintermediate stations) " ** 

Stop and caution 7 

Passenger train assisted by engine, ) q^ ^ine 9 

at rear .... ) 

Go^, cattle, mineral, or ballast i ,-. 

train assisted by engine at rear j ** *» " 

Train out of section 2 „ 

Line clear Needle pegged to "Line clear" 

When the needle of the instrument is vertical, the 
line must be considered blocked. 

The normal position of all fixed signals is '* danger/' 
and a green light is used by night at all the signal 
posts for ** all right/' and red one " danger ; *' a white 
light at a place where a red, or a green, or a purple 
light ought to be seen must be considered a " danger '' 
signal, and treated accordingly. 

^'Call attention'' must precede all bell and dial 
signals, and be repeated immediately. 

Train out of Section. 

Clause 6. — " Train out of section " must, except 
during fog or falling snow, be sent as soon as the last 
vehicle, with tail lamp attached, has passed the signal- 
box. " Be ready " must not be accepted for a follow- 
ing train, nor must " Line clear " be given until the 
preceding train has passed at least a quarter of a mile 
beyond the signal-box and is continuing its journey or 
has been shunted clear of the main line (except imder 
special instructions signed by the General Manager or 
Superintendent of the line, which will be placed in the 
boxes concerned) « 
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Ho^tobeglyen. ; 



* Bank engine in rear of train 

* Fast train approaching 
Is line clear for fish or meat trainf 

;, ,, express goods of 

cattle tiuinP .... 

Is line clear for fast goods or 
through mineral train P 

Is line clear for light engine ? . 

* Ohstruction— danger signal . 
Take off slot — train waiting . 

* Stop and examine train 

* Signal given in error (cancel last ) 
signal sent) ...*•/ 



I 
} 



4 
5 
6 



5 

6 
7 
7 

8 



* Train passed without tail lamp . 9 



* Train divided . . . .10 

* Shunt train for following train ) ^^ 
to pass . . . . / 

* Vehicles running away on wrong I ^ « 
line . ... . . j 

* Section clear, but station or j ^^ 
junction blocked . . ^ ) 

* YehicleB running away on right | j^ 
line ) 

* Opening of Signal station . .15 

* Test signal . . . . .16 

* Closing of signal station . .17 

* Tune signal . . . .18 



1 



GREAT WESTERN. . 

SPAGNOLETTrS DISC BLOCK: SYSTEM.-DOUBLE LINE. 

Issued November, 1884. 

Beats on Bell. 
*To call attention (for an unusual ) -. 

continuance of block, &c.) . j 
Train on line 2 . . 

,, arrived or obstruction removed 3 . 
Is line clear for ordinary goods, J 

mineral, ballast train, or engine > 3 . 

and brake? . . . . ) 
Is line clear for branch goods train 3 . 

„ ,, express or fast pas- ) . 

senger or breakdown van train ? / 
Is line clear for ordinary passenger 1 . 

or empty carriage train ? . j 
Is line clear for branch passen^r train ? 4 



2 consecutively 

2 pavBO 1 

3 consecutively 

1 pause 2 

4 consecutively 



3 pause 
1 pauM 



1 
3 



2 pause 2 

3 pause 2 
6 consecutively 

1 pause 4 

4 pause 1 

2 pause 3 

6 consecutively 

3 pause 4 

7 consecutively 

8 consecutively 

9 consecutively to the 
signal station in 
advance 

4 pause 5 to the sig- 
nal station in the 
rear 

5 pause 6 

1 pause 5 pause 5 

2 pause 5 pause 5 

3 pause 5 pause 6 

4 pause 5 pause 5 

5 pause 5 pause 5 
16 consecutively 

7 pause 6 pause 5 

8 pause 5 pause 6 
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The signale marked thus * must be returned by the 
signalman receiving them to show that he understands 
them, but in all cases he must'allow sufficient time to 
insure the signal being completed before he commences 
to return it or reply to it. 

The ^^ Call attention '' signal is to be used when it is 
necessary to call the attention of the signalman at the 
next signal station^ 

The disc block telegraph instrument shows three 
signals :— 

The disc showing half white and half red indicates 
" Line blocked." 

The white disc 'showing full on indicates "Line 
clear." 

The red disc showing full on indicates " Train on 
line." 

All fixed signals show a white and red light only> 
except in a few special cases. 

"Is line clear?" signal must never be sent until 
" Train arrived " has been received for the previous 
train, and the disc has been put to half red and half 
white. 

The Interlocking of Points and Signals. 

This system was invented by Mr. Saxby, in 1856, 
to prevent accidents which constantly occurred under 
the mode of working then in use. Points were worked 
by levers on the groimd, and were perfectly indepen- 
dent of the signals, and it frequently happened that 
signals were lowered when points were in the wrong 
position. Mr. Saxby brought the point and signal- 
levers together, and interlocked them so that it was 
impossible for an " all-right " signal to be given which 
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was not in accordance with the position of the point- 
levers. 

Fig. 4 shows the system as now used by Messrs. 
Saxby and Farmer. The locking-gear is worked by 
the movement of the spring catch-rod, the lower end 
of which carries a stud upon the block b, which 
travels in the curved rocker b. 

The raising of the catch-rod causes the rocker to 
move into the position shown in the diagram, and 
this rocker is connected by a universal joint, e, with a 
lever which gives motion to the locking-bars. The 
locks are clearly shown l ; they are fixed to the 
locking-bars in such a manner that some of the 
spindles are free to move as at m, and some are locked 
as at N. It therefore follows that until the point- 
lever c has been placed in its proper position it is 
mechanically impossible for the signal-lever to be 
moved ; and when the signal-lever has been moved to 
lower a signal, the point-lever becomes in its turn 
locked. 

The principle is thus briefly explained, and the 
marvellous development of the system will be clearly 
understood from the numbers of levers which are all 
properly interlocked at the following stations : — 

The signals at the Waterloo Bridge terminus are 
controlled from a signal-box having 109 interlocked 
levers ; the new south cabin at Brighton has 240 
levers ; and the London Bridge Station north cabin, 
west side, has no less than 280 levers. This is, indeed, 
a wonderful specimen of the interlocking system. In 
a day of twenty-four hours about 600 trains and 
engines pass, and between 8 and 10 a.m. there are 
about 90 trains; and these figures do not include 
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shnnting operations. This vast cabin is worked by 
four men at a time, each set bdbig on duty for eight 
hours. 

The Union of the Block and Interlocking 

Systems. 

■ 

It has already been shown that the block and inter- 
locking systems are excellent in themselves, so far as 
they go ; but experience conclusively proves that they 
do not go far enough. They require to be carried a 
step further, and, in place of two independent appli- 
ances, be united in one complete system or combination. 
At present there is nothing to prevent a signalman, by 
mistake, from taking off his outdoor signals at a time 
when his block instruments indicate that the line is 
not clear, and such mistakes are constantly leading to 
collisions. 

So long as the outdoor signals exhibited to the 
engine-drivers truly repeat the state of the block 
section ahead, safety is provided for, but we know from 
experience that the present system is liable to, and 
actually does, at times, break down in consequence of 
mistakes made by signalmen, arising either from 
human fallibility, or from excessive hours during 
which signalmen are too frequently kept on duty. 

When we consider the number of serious and fatal 
accidents that have occurred in consequence of these 
mistakes, it is needless to waste words in arguing how 
great must be the value of any inventions which will 
prevent such accidents by establishing an absolute 
mechanical block system, which cannot fail from the 
error of a signalman. 

The idea of combining the block and interlocking 
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systems, and of mating the train itself assist in pro- 
viding for its own safety by telegrapliing its arrival 
and departure from signal-boxes, is not a new one. 
Messrs. Hodgson, Saxby and Farmer, Sykes, and 
others, have worked diligently, and with greats uc- 
cess, to attain the desired security. 

Hodgson's patent apparatus was tried on the Tun- 
bridge Wells and Eastbourne branch of the London, 
Brighton, and South Coast Railway. The author 
accepted the invitation to inspect the same, August, 
1881, and formed a very high opinion of its merits. 
One of the principal improvements was the introduc- 
tion of a treadle near each signal-box, electrically 
connected with the telegraph instruments in the signal- 
boxes, rendering it necessary in the working of the 
block system that the actual running of each train 
should exercise control over the signalmen. At first 
the treadles were sometimes liable to get out of order 
by the repeated blows received from the wheels of a 
train passing at full speed. This difficulty has, how- 
ever, been entirely and successfully overcome by 
Messrs. Saxby and Farmer, by causing the deflection 
of the rail itself acting upon the short arm of a lever 
always in contact with the underside of the rail, the 
means of making an electrical contact through the 
long arm of the same lever with the telegraph instru- 
ments in the signal-boxes, thus taking oS a lock that 
prevents the signalman from moving the handles of 
the block instruments, by which the signal " Line 
clear " is given to the box in the rear. The latest 
improvements have been recently examined by the 
author, and consist of apparatus containing interlock- 
ing appliances for a box with seven levers for working 
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points and signals^ and the block telegraph instru- 
ments for the exchange of train signals with stations 
on either side. 

The block instruments are as usual placed upon a 
shelf over the signal levers, the handles of the instru- 
ments being connected by vertical rods with the inter- 
locking gear ; or, in other words, the '* block '* system 
and the interlocking apparatus are combined in one 
and the same mechanism, and cannot be manipulated 
in a contradictory manner. 

The block instrument handles are attached to hollow 
spindles in the centre of which are the plungers. When 
the handles are moved to the right (which is the " Line 
cliear '■' position), they work interlocking gear, so as to 
interlock the point and signal levers in any manner 
necessary to the requirements of the traffic. When the 
handles are moved back to " Line blocked '* they are 
stopped in the mid-stroke or vertical position, and be- 
come locked, and cannot again be moved to "Line clear,'' 
neither can the point and signal levers be again moved 
until the train for which " Line clear '* was given has 
arrived and actually passed over the treadle apparatus, 
and thus by its weight deflected the rail and completed 
the electric circuit. A current of electricity is then 
sent through the magnet of the block instrument and 
unlocks the handle, which can then either be restored 
to its normal position to unlock the point and signal 
levers, or it can be again moved to the right to give 
" clear " for a following train to approach. Only one 
wire isused for the block signal instruments and bells of 
both up and down lines. (See also electric slot, p. 58.) 

The Sykes's system of signalling has for a long time 
been in use. Li May, 1876, Cambria Junction, on the 

E 
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London, Chatham, and Dover EaQway, was fitted with 
it in such a manner that if the signalman had accepted 
a train from Canterbury Junction he could not accept 
one from Loughborough, or if he accepted one from 
Loughborough, the apparatus was so locked that he 
could not then accept a train from Canterbury Boad 
until he passed the train, and put his signal back to 
" danger.^* 

These signals have also been working perfectly satis- 
factorily for several years on the Metropolitan District 
Railway, and have been introduced upon a section of 
the Great Western ; at Dumfries Junction, upon the 
Glasgow and South- Western ; three signal-boxes upon 
the Great Eastern ; and Walpole Junction, U.S.A. 

Li the Sykes's system each station is provided with 
the usual train signal apparatus, ordinary semaphores, 
and signal levers. Beyond each station is an automatic 
treadle actuated by the passage of a train to manipulate 
a circuit extending back to^the indicator at the station ; 
each station is also provided with an arm galvanometer, 
which serves as an additional indicator. Li front of the 
signalman is placed a case containing two indicators, 
which show respectively through the openings in the 
case. One indicator reads either " clear '* or " blocked,*' 
and refers to the condition of the section of the line 
beyond, while the other reads either " Train on line" or 
"Train passed,*' and refers to the condition of the section 
of the line in the rear. 

The former indicator is connected with the lock in 
such a manner that when it reads " clear " the lock is 
lifted and the lever is free, but when it reads " blocked*' 
the lever is locked. 

Sometimes, instead of the automatic treadle, a plat- 
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form plunger is employed, under the control of the sta- 
tion staff, and is used when a train has been seen to pass 
out of the station, an arrangement which is found par- 
ticularly advantageous in foggy weather, when the train 
cannot be seen by the signalmen. 

The combination of the block and interlocking appa- 
ratus has for some time been a useful and practical 
appliance, and there can be no reason why so many 
railway companies continue to employ the old system, 
which depends so much upon human fallibility. 

Defective Signalling. 

Attention has recently been again directed to the 
very important subject of defective signalling on rail- 
ways. Engine-drivers constantly complain, and with 
very good reason, of the way in which signals are fre- 
quently placed ; but it is only in rare cases, or after an 
accident has actually occurred, that their complaints 
receive attention, or that improvements are introduced. 
Unfortunately the selection of position and the erection 
of signals are usually placed in the hands of a separate 
department. On many railways the engine-drivers and 
locomotive department have little or no control over the 
signal arraagements, and frequently when drivers have 
pointed out faults, they have been informed that '' their 
duty is simply to obey signals/' Instead of a good 
standard system being adopted and strictly carried out, 
the drivers on many lines state that '^ the signals are 
placed anyhow — here, there, and everywhere, and that, 
instead of improvements being made in this respect, 
some of the latest signals are placed in the very worst 
places, and on the wrong side of the line.** On several 
occasions the author has examined signals at stations, 
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junctions, and sidings where drivers have made mis- 
takes, and in every case has found that the true cause 
was the defective state or position of the signal. 

One of the first and most important requirements of 
efficient signalling is that all signals shall be placed 
upon the left-hand or proper side of the line to which 
they refer. If by any chance it is absolutely impossible 
to place a signal in such place the special attention of 
engine-drivers should be directed to the fact by a special 
printed notice. Each roadside station or signal-cabin 
should be provided with a "distant/' "home/' and 
"starting" signal, and an "advanced starting signal" 
where necessary, in each direction. Distant signal-arms 
should always be of the " swallow-tail " pattern. Home 
signals should in every case be placed so as to completely 
protect any train which may be crossing from one line to 
another, or into a siding, so that an engine-driver may 
run as far as the home signal without any fear of being 
foul of points and crossings which such signal is intended 
to protect. " Starting," or " advance starting," signals 
ought always to be placed at least the length of the 
longest train (say engine and fifty waggons) beyond 
the home signal or siding points, so that all shunting 
can be performed without the engine ever having to 
pass the starting or advanced starting signal at danger, 
even a few yards. In very many cases these signals are 
placed at too short a distance, and the drivers are then 
obliged, and required by rule, to pass them at danger, 
in order to draw the tail of the train over the points. 
Signals which control the exit from the sidings should 
always be " discs " placed low down near the ground, 
so as to avoid any chance of their being mistaken by a 
main-line driver. In several cases the author sees siding 
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Signals which consist of an arm placed upon the home 
signal-post, and the arm is generally connected to the 
points, so that when the points are open the signal mmt 
be oS, no matter if the train is going into or out of a 
siding ; on many occasions two drivers have considered 
the signal was lowered for them, and collisions have 
resulted from this dangerous system of signalling. All 
junctions should be provided "in the facing direction'* 
with as many distant signals as there are branches aad 
home signals, so that when a driver sees the proper 
"distant" lowered, he may know that the "home** 
signal is also "off" for him to proceed in the desired 
direction, and that the facing- points are properly placed 
and locked. All distant signals ought always to be so 
interlocked that they cannot be taken " off" till after 
the corresponding home signal has been lowered. In 
all cases where two signal boxes are situated near 
together, the '^distant" from the one box must be a 
swallow-tail arm placed upon the " home post " of the 
next. In every instance the home signal must be the 
top arm, the distant arm second. They ought also to 
be slotted in such a way that the distant can never be 
taken " off " when the home is " on." The home signal- 
men ought to be able to place both to danger as soon as 
a train passes, so as to avoid conflicting signals being 
given. Three or four arms referring to different lines 
should never be placed one below the other on om post. 
Each line should have a separate post placed in the 
proper position on the left of the line to which it 
refers. All lines should be worked on the absolute 
block system ; and the signal "Line clear " should neve^* 
be sent to the box in the rear until the train has 
passed and is well forward on its journey, or has been 
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sliimted into a siding clear of the main line ; and after 
the " Line clear'' signal has been accepted for a train to 
approach, no shunting on or crossing of the main line 
should be permitted. To avoid mistakes which may be 
made by signalmen, one of the systems of electrically 
combining the block and interlocking apparatus should 
be adopted. 

No system of signalling can be considered efficient 
or safe unless it provides mechanically for an interval 
of space between all trains, and in practice it is abso- 
lutely necessary for a train to be protected, if it break 
down or stop unexpectedly between two stations, as 
when standing at a station or between fixed signals. 

In consequence of the recommendation of the 
Amalgamated Society of Bailway Servants, that one 
code of signal regulations and one pattern of signal 
should be adopted throughout the kingdom, a com- 
mittee of the railway companies has been appointed to 
consider the whole question of signals and signal 
lights; and Major Marindin, reporting on a case of 
collision on the !N^orth British Railway, hopes that 
their deliberations may be successful in elaborating a 
uniform system for all lines, which, looking to the 
numerous cases in which two or more companies have 
miming powers over one and the same piece of line, 
is most essential to the public safety. Signals on 
various lines differ to a very great extent. For in- 
stance, a white light on the Great Northern is to be 
treated as "danger,'' but on most other lines as "all 
right." A green light is sometimes to indicate 
"caution," at another station it is the "all right" 
signal, and again it is employed simply to indicate the 
back of a signal, and in such position it does not in 
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any way refer to an engine-driver. On some railways 
a purple light is an "all right/' and on others a 
" danger '' light. All signal arms should be counter- 
weighted to fly to danger in case the rod breaks. 

When railways were worked by " time '' a caution 
signal was used, and a green light employed ; but now, 
under the block system, "caution** has no meaning, 
as the line should be either clear or blocked. 

It would be an advantage if the green light were 
now made the only all right signal ; and green should 
not be employed as a back-light, as it is in practice 
often mistaken ; and if the white light were discarded 
as a signal it might with advantage be adopted as a 
back-light to show that the signal was "on," and it 
has been suggested that when the signal is " ofi*" no 
back-light would be required, especially as signals 
remain in that position for such a very short time with 
the present short block sections. 

Controlled or Sloited Signals. 

The ordinary mechanical slot system enables a 
signalman at one signal-box or station to control the 
outdoor starting-signal worked by another signalman 
at the station in the rear in such a manner that it 
cannot be taken off without tho concurrent action of 
both signalmen ; but either man, independently of the 
other, can instantly place the signal to danger. 

Fig. 5 shows the usual arrangement of " slot." It 
will be seen that there are two levers and weights — 
one worked by each signalman ; and unless both be 
raised, the signal cannot be lowered. As soon as both 
men require the signal to be lowered, the weights take 
the position shown in the dotted lines, and the arm 
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fitUs by its own weight, asBiated by the small balance- 
weight as illustrated. 

The mechanical slot is there- 
fore perfect in its action for 
moderate distances, and will eren 
workwell up to a distanceof 1,000 
yards. The "electric slot-signal," 
Fig. 6, deriTBB its name from the 
fact that it has the same objects 
as the mechanical slot, but it has 
the very great advantage of being 
capable of controlling the work- 
ing of a signal by means of elec- 
tricity at any required distance. 
The action of the apparatus is 
as follows : When a current of 
electricity is sent through the 
electro-magnet M of the electric 
slot it keeps the armature, which 
is attached to the vertical lever 
H, attracted, and on pulling the 
3 wire, raises the weighted lever 
fixed at the foot of the signal- 
\ post, and the arm is lowered to 
, the all-right position. If now 
i the current of electricity is cut 
off, the attraction ceases, and 
J the vertical lever falls away 
from the magnet, and striking 
^ the clutch c, releases the wire, 
and the signal-arm is raised to 
lot " danger " by means of the 
weighted lever. The treadle 
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Fig. 6.— Electric Slot Signal Apparatus. 
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apparatus already referred to enables the passage of the 
train itself over the line to act upon the electric slot 
signal, and places it to " danger '' at the rear, even in 
case a signalman should omit to do so. By this arrange- 
ment and combination points and facing-point locks 
must be set in the proper position before "Line clear'* 
can be signalled for a train to approach. Points cannot 
be moved for shunting or other purposes when the line 
has been signalled "clear.'* The "Line clear/' or 
"Train out of section " signal cannot be sent a second 
time until the approaching train has arrived at and 
passed over the treadle. The outdoor starting-signal 
cannot be lowered to permit the entrance of a train 
into a block section without the consent and concurrent 
action of the signalmen at each end of the section, and 
it must be reset to " danger " behind every train ; and 
this is insured by the action of either signalman, or, in 
case both should forget, by the action of the train itself 
passing over the treadle. When once the starting- 
signal has been lowered and placed to " danger " after 
a train has entered the section, either by the signal- 
man or by the action of the treadle, it cannot be again 
lowered until that train has passed out of the section 
and over the treadle at the other end, and until the 
signalman in advance has given " Line clear " for 
another train to enter the section. 

The apparatus is so constructed that the signalmen 
cannot work it otherwise than in the proper order. 
The omission to give any of the ordinary block sig- 
nals, or to put the outdoor signals to "danger" after 
the passing of a train, prevents the apparatus being 
again worked, as, after receiving "Line clear," the 
starting-signal is lowered and put to " danger " in the 
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rear of a train ; and " Line blocked '* must first be sent 
before '* Line clear '* can be given a second time for 
another train. 

The Improved Facing-point Lock and Duplex 

Detector. 

The invention has been designed and perfected by 
Messrs, Saxby and Farmer to obviate the danger which 
arises when a connecting-rod between a set of points 
and the locking apparatus breaks. Under the old 
system such mishap would permit of the point-lever 
being placed in its intended proper position, but the 
points, Fig. 7, would have remained unmoved, and 
would actually be lying in a contrary direction to that 
which the signal, if given, would indicate. 

The detector lock. Fig. 8, consists of a double-action 
plunger, which, when the points stand in one direction, 
is pulled, and when in the other, pushed into the 
appropriate hole in the tie-bar between the tongues of 
the points. Thus, if, owing to a broken rod, the 
points have not been moved, the signalman is warned 
of the fact by being prevented from lowering any 
signal which would be contrary to the actual position 
of the points themselves. 

As is the case with the ordinary locking-bars, whilst 
a train is travelling through the points, it is itself 
master of the situation ; not even the signalman can 
inadvertently change their position imtil the whole 
train has passed clear of the locking-bar. It therefore 
follows that by the union with the "block" instru- 
ments, as already described, an accident is rendered 
impossible from the failure of facing-point rods and 
connections. 
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Fig. 8. — Improved Doplex Detector. 
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Junction Block Working. 

Junction block working should always be adopted, 
and very strictly carried out. No two trains should 
eyer be allowed to approach a junction at one and the 
same time^ either upon converging or crossing lines^ 
otherwise the required certain interval of space is 
actually reduced to nothing more than the thickness 
of the junction signal-post, Fig. 9 (Plate 11.). The 
*' Line clear '* signal for one should be accepted, the 
other refused, so that the second train may be stopped 
at the box in the rear. At all double-line junctions it 
is possible for a train in one direction to be cut in two 
by one in the opposite direction ; therefore, no two 
trains which can in any way come into collision at the 
junction crossings should be accepted by a junction 
signalman when working imder proper rules. 

A recent improvement provides mechanicaUy for 
junction block working, and renders it impossible for 

trains to approach at the same time. 

_ * 

Locking Gear for Signal-arms. 

Attention should here be directed to the importance 
at all junctions of placing an actual lock upon the 
signal-arm itself, as well as upon the levers in the 
signal-box. The ordinary interlocking frame prevents 
wrong signals being lowered by the man in charge, so 
long as the connections, rods, and wires are in proper 
order ; but if (as was the case at Earl's Court recently) 
a rod should fail, the system is rendered useless. To 
avoid this danger, Mr. Davis, of the Great Eastern 
Railway, invented, and Messrs. Saxby and Farmer 
manufacture an efficient apparatus, which appears to 
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satisfactorily insure the impossibility of two conflicting 
signals being oflF at one time. To prevent this, the 
action of lowering one signal is made to actuate an 
extension of the rod to the other conflicting signal. 
This " lock-rod," as it is called, works a mechanical 
hooked bell-crank which directly locks the arm itself, 
which must always be "on'' when the conflicting 
signal is lowered, as the same action which lowers the 
one locks the other. Having described the method of 
locking, let it be supposed a fracture has occurred in 
the rod working a branch home signal at a junction, 
and that the signal has been lowered to, or stands 
« oflf," and remains in that position after the signalman 
has returned the lever in his box to the normal posi- 
tion, as the balancing of the arm is altogether insuffi- 
cient to overcome the friction of the rollers in the 
long length of rod or wire. The action of returning 
the lever of the branch signal to " danger " would, of 
course, unlock the levers in the locking frame in the 
box, bat should the signalman, without knowing of 
the failure of the rod, attempt to lower the main line 
signal, he would be unable to do so, as the actual 
locking on the main arm would prevent its being taken 
" off." It will be found, by taking any example, that 
whichever rod breaks, no two opposing signals can be 
standing off at one time, and it has the further advan- 
tage of immediately acquainting the signalman that 
something is wrong with the apparatus. 

The method can be carried out with signals of any 
type, whether worked by rod or wire, and is stated to 
be comparatively inexpensive in its application. It 
can be applied, however complicated the station or 
junction may be, and is certainly the only direct 
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mechanical lock between conflicting signal-arms. The 
locking device of one arm may be made to act upon 
and control the locking device of one or several other 
arms directly between the signals themselves, without 
the intervention of the movement of the levers ; or the 
locking device on any signal-arm may be connected 
back to the levers in the locking firame, so as to lock 
or unlock any levers as may be required. 

It would appear that if so simple and effective a 
method of preventing accidents can be applied for a 
comparatively small cost, railway companies should 
give this matter their earnest consideration. Signal 
connections will always be liable to failure, for what- 
ever care is taken in their manufacture, absolute secu- 
rity cannot be guaranteed by any tests of the material, 
so that a method by which these failures are rendered 
harmless is of the greatest importance, both to the 
public and the servants. 

Clearance or Train Safety Bars. 

Railway collisions frequently occur in consequence of 
a train being kept waiting for a considerable time at a 
'' starting " signal, and being either out of sight of the 
signalman, or in consequence of fog the man forgets 
the presence of such train and lowers his home signal 
in the rear for the following train. To avoid these 
accidents, clearance bars should be adopted. They 
consist of a series of locking bars placed between the 
starting signal and the signal-box, and so long as a 
train or engiae is standing upon this portion of luie the 
block instrument and the home signal are locked at 
'Manger,'^ and a signalman is imable to commit an 
error. 
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Single Lines. — ^The Train Staff System. 

Some of the most serious accidents wluch have 
occurred from defective systems of signalling and work- 
ing have been occasioned by trains meeting upon single 
lines of railway ; for instance, the collisions at I^orwich 
and near Badstock. 

On small branches, or sections, with light traffic, 
only one engine in steam or two coupled together 
should be allowed at one time. 

All other single lines should be worked under the 
train staff and ticket system, combined with the absolute 
block system of signalling. 

So long as the '^ staff" is at one end of the section, 
trains can be permitted to leave with a ticket, but after 
the staff itself has been sent away in charge of the last 
driver, no train must, imder any circumstances, be 
started until its return. 

A few companies work single lines by means of 
telegraph messages sent from a crossing agent at the 
principal station, who arranges where trains in opposite 
directions are to pass each other. This system is 
extremely dangerous, and has caused many accidents, 
as the least mistake in a telegram may result in a 
serious collision. 



CHAPTER lY. 

RAILWAY BRAKES. 

In nearly all the more calamitous of the great railway 
accidents of recent years, those which have been 
attended by. the largest destruction of life, rolling-stock, 
and property, it has been constantly proved that even 
if the first cause of the catastrophe, such as the break- 
ing of axles, or failures of signals, &c., were admitted 
to have been unavoidable, all the worst consequences 
would have been either entirely prevented, or very 
greatly mitigated, if the train had been fitted with an 
efficient automatic continuous brake ; it is, therefore, 
an extraordinary fact that the introduction of such 
brakes has been delayed for years in this country, and 
the story of the battle of the brakes, when ultimately 
written, will form one of the most curious, but 
certainly not the most creditable chapters in English 
railway history. 

As soon as railways were introduced, it became 
apparent that it was essential to public safety that 
trains should be capable of being stopped in the least 
possible distance in case of accident, or of an obstruc- 
tion on the line, and this necessity constantly increases 
as the weight and speed of trains become so marvel- 
lously augmented. An ordinary main line express 
train may be considered as equal to about 220 tons. 
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including the engine and tender ; such- a train running 
at a speed of 60 miles an hour, passes over a space of 88 
feet per second, and has a vis viva, or stored-up force, of 
equal to no less than 26,452 foot-tons ; and if the train 
comes into collision, it will strike another train or any 
obstruction with a blow or destructive force equal to a 
ton weight falling from a height of five miles. To stop 
the train in the shortest space, and destroy this enormous 
momentum is the great object of efficient brakes. For 
many years the hand brakes upon tenders and guard's 
vans were considered sufficient, but experience has 
long since proved that they do not provide for safety. 

Mechanical and non- automatic continuous brakes 
were next invented; they are useful imder ordinary 
circumstances, and so long as they remain in order, but 
they are absolutely powerless in cases of emergency, or 
at the very moment when required to act as life-saving 
appliances. All non-automatic brakes are slow in 
action, liable to fail at any moment, and in case of 
accident are rendered useless. These very serious 
defects led to the introduction of automatic or self- 
acting brakes. Every engine, tender, and vehicle 
should carry its own store of brake force ready for 
instant use ; it therefore follows that if every coupling 
in the train were to be broken, each portion or vehicle 
would stop itself. This principle has been worked out, 
and perfection appears to have been reached in the 
form of continuous brakes fitted to every wheel capable 
of application by the driver (or either of them when two 
engines are employed), by either of the guards, and self- 
acting in case of accident. 

In June, 1875, the celebrated Newark brake trials 
were conducted under the direction of the Royal Com- 
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mission on Railway Accidents ; the ground selected was 
part of tlie Nottingham and Lincoln branch of the 
Midland Eailway, extending from near I^ewark to 
Thurgaton, since known as the racecourse. 

The following table shows the systems tried and the 
residts obtained when the utmost was done to stop the 
trains by the application of all available brake-power, 
the use of sand, and the reversing of those engines not 
provided with brake blocks. 

NEWARK TRIALS (Sbkibs 1, Section E). 



Bailway 
Company. 


Name of Brake. 


Speed, 

miles per 

honr. 


Distanoe 
of stop 
in feet. 


Betarding 
foroe 
in per- 
centage. 


Midland 

L.& Y. 

L. & N.-W. 

Midland 

L. & Y. 

G.N. 

CJaledonian 

L. B. & S. C. 


*Westinghouse automatic 
♦Fay and N.-E. engine . 
tCla.rk and Wobb . . . 
•Barker hydraulic . . 
tFay and L. & Y. engine 
t Smith vacuum . . . 
fSteel Mclnnes .... 
•Westinghouse vacuum . 


514 
67| 

60| 
45| 
45 

49} 
52 


825 
1,385 

964 
1,101 

913 

905 
1,120 
1,533 


10-64 
7-94 
7-79 
7-64 
7-60 
7-47 
7-33 
6-88 



The brakes are placed in the order of merit and 
efficiency, as shown by the percentage recorded in the 
last column. 

To accurately estimate the relative value of a brake 
is very necessary, and as trains are of different weights, 
and running at various speeds, direct comparison is 
impossible, but the desired information is easily obtained 
by establishing a '' basis or comparison,'' and expressing 
the average efficiency of the retarding force of the 
brakes in percentages of the weights of the trains. 

This method of comparison is thus worked out : the 

• Brakes applied to engine wheels. 

f Engines reversed being unprovided with brakes. 
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weight and speed of a train being known^ the foot-tons 
of energy accumulated in it are at once found by 
multiplying the speed by itself (squaring the speed), 
also by '0334, and by the total weight of the train. 
Now, the work done by a brake in stopping a train, 
must, of course, be equal in amount to the total energy 
of that train, and this work is made up of the retarding 
force multiplied by the distance through which it acts ; 
it therefore follows that the retardation of a brake equals 
the energy, or vis viva of the train divided by the dis- 
tance run in making the stop. To facilitate calculation, 
it is found most convenient to express the relation or 
proportion of retarding brake force in the form of a 
percentage of the total weight of the train ; thus, if a 
train of 200 tons weight has been stopped by the 
application of a brake force of 20 tons applied to 
the brake blocks, it is clear that it can be expressed as 
a retarding force of 10 per cent. 

The following useful formula enables the average 
brake force exerted in making any given " stop " to be 
calculated : thus, suppose a train to be stopped from 
50 miles an hour on the level in 835 feet, 50 squared 
multiplied by 3*34 and divided by 835, gives the 

60^ 
result 10* ; or thus, 3*34 ^77^ = 10*, which means that 

the average brake force was 10 per cent, or 10 tons 
for every 100 tons of the total weight of the train. 

The celebrated Newark trials were followed by others, 
on the North British Eailway, December, 1876 ; North 
Eastern, May and June, 1877 ; Belgian State Eail- 
way s, 1876 and 1877 ; Germany (near Cassel), August, 
1877 ; North Eastern Eailway, October, 1878 ; Paris 
Lyons Eailway, April, 1879 ; North Eastern Eailway, 
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July, 1879 ; Lancashire and Yorkshire Railway, July, 
1880. 

On the 14th and 15th July, 1879, Captain Galton 
conducted experiments on the North Eastern Railway, 
near York, with a train of sixteen vehicles fitted with 
the Westinghouse automatic brake; total weight, 
207 tons 19 cwts., 91*6 per cent on braked wheels. 




Brake applied by driver. 



Gradient. 



Down in 1,200 
Level 
Level 







Retarda- 


Stop 


Time in 


tion in 


in yards. 


seconds. 


per- 
centage. 


207 


U'76 


U'O 


190 


14-5 


13-6 


226 


16-6 


12-6 



Distance in 

yards which 

would have 

been run had 

the speed been 

SOnulesan 

hour. 



Train " slipped." Brake automatically applied. 



Level 
Level 
Level 
Level 
Up 1 in 200 
Level 



223 


16-76 


13-7 


208 


15-6 


16-1 


290 


19-0 


13-5 


173 


13-25 


16-0 


187 


14-76 


16-6 


260 


16-75 


14-4 



203 
172 
206 
173 
178 
193 



Brake applied from van against engine with full steam on. 



27 



Level 



68 



9 



11-0 



262 



Captain Galton also conducted a series of experi- 
ments on the Lancashire and Yorkshire Bailway at 
Gisbum, July, 1880. 

The following table gives the averages of all stops 
reduced to 60 miles an hour on a level with the 
allowance made for the different percentages of the 
braked portion of the train to the unbraked portion, 
allowance being also made for the rotating momentum 
of the unbraked wheels in the train : — 
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Brake. 


Stops by driver. 


Stops from van. 


Slip stops and 
automatic action. 
















Distance 

in 

feet. 

727 


Retard- 
ation in 
per cent. 


Distance 

in 

feet. 


Retard- 
ation 
percent. 


Distance 

in 

feet. 


Retard- 
ation 
percent. 


Westdnghouso, 
G. N. train 


11-49 




441 


18.94 


Westinghouse, 
L. & Y. train 


716 


11-66 


895 


9-33 


668 


12-60 


Eame's vacuum . 


752 


11-10 


914 


914 


754 


11-08 


Sanders' vacuum 


891 


9-37 


1,111 


7-19 


722 


11-67 


♦ Fay-Newall . 


817 


10-22 


~^ 









Since the trials mentioned in 1876 — 1879 and 1880, 
seyeral brakes have been removed, and others have 
been perfected or improved. Under these circumstances 
the Amalgamated Society has recently resolved that 
some further trials are now required, and if the neces- 
sary facilities can be obtained, it is prepared to carry 
out or be represented at such experiments. 

As long ago as the 30th August, 1877, the Board 
of Trade forwarded a circular to the companies, in 
which the advantage of having uniform brakes upon 
all lines was pointed out, and stating that there had 
been no attempt on the part of the various companies 
to agree upon what are the requirements which, in 
their opinion, are essential to a good continuous brake. 
In the opinion of the Board of Trade, the conditions 
should be as follow : — 

(a.) The brakes to be efficient in stopping trains, 
instantaneous in their action, and capable of being 
applied without difficulty by engine-drivers or guards. 

* The Fay-NewaU brake was applied by two guards to two sections 

of four vehicles. 
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(b.) In case of accident^ to be instantaneously self- 
acting. 

(c.) The brakes to be put on and taken off (with 
facility) on the engine and every vehicle of a train, 

(d,) The brakes to be regularly used in daily 
working. 

(e.) The materials employed to be of a durable 
character, so as to be easily maintained and kept in 
order. 

The celebrated conditions, it will be noticed, are so 
obviously necessary and practical, that they are scarcely 
open to discussion. 

It might have been supposed that the various com- 
panies would have at once attempted to secure both an 
efficient brake and uniformity of system ; but unfor- 
tunately this has not been the case. Companies which 
work in direct connection, and exchange a large amount 
of rolling-stock, do not even employ the same system ; 
the result is that the vehicles of one company cut off 
or render useless a portion of the brake power upon 
another company's train. 

So great has this difficulty become, that it has been 
necessary to actually fit a large number of vehicles 
with two complete brakes, of course at double cost. 
Sir Joseph Pease, M.P., director of the North-Eastem 
Railway, has recently created considerable amusement 
in railway circles, by his statement in the House of 
Commons, that ^^it was an advantage to have two 
brakes, as when one brake failed they use the other.'' 
Of course, the statement is not correct, and the only 
reason why vehicles have two systems is to work with 
other brakes upon other railways. 



72 



SAFB RAILWAY WOEKING. 



Continuous Brakes in use in the United Kinodom 
ON THE 31sT December, 1885. 

The continuouB brakes return for the second half 
of the year 1885 has beeu issued, and although it 
furnishes evidence (if any were required) that the 
companies are not taking the necessary steps to arrive 
at a general system, it is satisfactory to find that most 
of the brakes recently fitted either are, or are said to 
be, automatic. 

The form of return has been amended and improved 
by the Board of Trade, but the information recorded is 
in many instances inaccurate. 

The following table shows the total amount of stock 
fitted and unfitted on the 31st December, 1885 : — 





~ Engines 
fitted with 


Engines 
fitted with 


Carriages, 


Carriages, 
ftc., fitted 




apparatus 


&o., fitted 


with pipes 




brakes. 


for working 
the brakes. 


with brakes. 


or olutiiui 
only. 


Total amount of stock \ 










returned as fitted 










with brakes which 
appear to comply 


2,291 


1,389 


21,033 


4,259 


with conditions of 










Board of Trade . 










Total fitted with 










brakes which do 


1,218 


1,386 


13,168 


3,287 


not comply . . 


N^ 




1 
1 


Total fitted .... 


6,284 


41,747 


Not fitted with any j 
continuous brake . J 

Total passenger roll- ) 
ing stock therefore ) 


1,040 


9,500 


7,324 


61,247 



From these figures it will be seen that out of a total 
of 7,324 engines and 51,247 carriages, &c., only 2,291 
engines and 21,033 vehicles have brakes which even 
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ditions laid down by tlie Board 
figures would be coDBiderably 
rere properly corrected, 
tal amount of rolling- stock fitted 
ehould now be made in detail 
or each system. 



fs^ 


fitted with 
apparatus 


^SK^ 


fitted wfUi 


if,. 


ror^ng 


witli bnkea. 


■66 


1,213 


6,669 


804 


■08 


3 


2,776 


696 


3* 


— 


29 


S 


- 


- 


2 


12 


)14 


85 


11,096 


2,738 


— 


12 


46 


6 


- 


738 


3,106 


184 


_ 


13 


79 


_ 






1,219 








360 




— 


— 


321 


— 


170 


92 


e,6SS 


I,7i3 




619 


2,681 


1,0SS 


48 


— 


360 


— 


,609 


2,776 


34,201 


7,646 



* At first dgfat Ihe "automatic vacuum" and "Tacuum auto- 
matio ' ' brake* may appear to Ite one and the same system ; tlie former 
refers to the brake known ae the Sanders-Bolitho, which " leaks off," 
and the latter to the Vacuum Cumpany's syslem, wMuh does not leak 
off. A certain number of vehicles on the Idldland Kailway hare been 
altered from the "leak-off" to the "bBll-Talve" systero, but tile 
return does not furnish the number of brakes so changed. 

t Siity-ono of these engines are upon the Midland Bailway. They 
are provided with a " steam " brake capable of being applied in con- 
junction with the automatic vacuum. In case of accident, however, 

the engine and tender part, the steam pipe is broken, and the 
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The aboye totals do not include 134 goods engines on 
the North Eastern Bailway fitted with the Westing- 
house brake and used for excursion traffic. 

The following table shows the amount of rolling- 
stock fitted with two complete systems of brakes, so 
that both act on the same blocks ; — 



Bailway, 

N.B. 


Ten , WestiiiffhoTue automatic. 
Engines. Smith's vacanm. 


West Coast Joint S. 
Caledonian . . . 
L. &N.-W. . . . 
Midland S. J. S. . . 
Midland .... 
G. & S. W. . . . 
East Coast Joint S. 
N.E. . . . . . 

N. E. . . . . . 

N.E 

li. & x 

Total .... 


VehideB. 

280) 

31 

96) 

86) 

'*] 

108 
44 

13 
8 
2 


\ Westinghouse automatic 
and Webb vacuum. 

( Westinghouse autoTna,tic 
\ — automatic Tacuum. 

( Westinghouse automatic 
) — Smith's vacuum. 
( Westinghouse automatic 
\ — Midland vao.num. 
( Westinghouse automatic 
i L. & N. W . vacuum. 
( Westinghouse automatic 
\ — ^vacuum automatic. 


783 



The progress made during the half-year cannot be 
considered satisfactory ; the total stock fitted shows but 
a small increase ; many of the brakes fitted are in- 
efficient, for instance, the "leak-off and the simple 
vacuum, and in the case of the London and North- 
Western vacuum, the large nominal increase is not 

** steam " brake rendered useless at the very moment when required. 
Such a brake cannot, therefore, fulfil the condition of being eificient 
in case of accident. 

§ Fourteen vehicles are returned with vacuum and Westinghouse 
brake. This is not a brake system, but simply means that they are 
fitted with two brakes. 

* G. & S. W. Co. number not given. 
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progress, but simply the change of brakes from the 
chain to the "vacuum. To remove one brake and fit 
another, which does not fulfil the Board of Trade con- 
ditions, is but a useless waste of money, as a still 
further alteration must ultimately be made. 

The "Westinghouse automatic brake is in general use 
on the North Eastern, Great Eastern, Brighton, Cale- 
donian, North British, Glasgow and South Western, 
Great North of Scotland ; and, to a less extent, on the 
London, Chatham, and Dover, Midland, and also on 
several minor railways. 

The Vacuum Brake Company's, or Gresham^s auto- 
matic vacuum is employed generally on the London 
and South Western, and Lancashire and Yorkshire 
Raflways, and to a less extent on the Taff Yale, Belfast 
and Northern Counties, and a few other lines. 

The Sanders - Bolitho, or "leak -off automatic 
vacuum brake is used on the Midland and Great 
Western railways only. 

Smith's non-automatic vacuum is employed to] a 
considerable extent on the Great Northern, South 
Eastern ; Manchester, Sheffield, and Lincolnshire ; 
Great Southern and Western Ireland, Metropolitan, 
Midland, and to a less extent by a number of smaller 
lines. 

The Clark- Webb chain brake is principally used on 
the North London, and London and North Western 
but upon the latter liiie it is being removed and replaced 
by a non-automatic vacuum brake that is adopted only 
by the North Staffordshire Company. 

The author, having during the past seventeen years 
inspected and worked all the continuous brakes in use, 
is of opinion that at the present time there are but two 
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systems that can be considered efficient^ or that are at 
all likely to come into permanent use, namely, the 
Westinghouse automatic air brake, and the Yacuum 
Company's, or Gresham's automatic vacuum brake. 

These two inventions 'may be said to represent the 
best of their respective classes or principles, and are, 
therefore, fully described and clearly illustrated. It 
would no doubt have been better and cheaper to have 
had one universal brake for the whole country ; but as 
at present this seems almost impossible, it is not too 
much to hope that the companies will use either one or 
other of these two brakes, and rolling-stock intended 
for through or exchange traffic should be provided with 
the complete apparatus for each system : this would be 
a great stride towards the settlement of the brake 
question. 

The action of the Westinghouse, or pressure system, 
is based upon the use of compressed air, or pressure 
greater than the 15 lbs. of the atmosphere ; whereas 
the vacuum system is applied by the force of the 
atmosphere acting upon one side of a piston, from the 
opposite side of which about 12 lbs. of the atmo- 
spheric pressure has been purposely drawn out or 
removed. 

Description of the Westinghouse Automatic Brake, 

The Westinghouse automatic brake is continuous 
throughout the train, and is operated by compressed 
air stored in a main reservoir on the engine, and in 
small reservoirs, one upon each engine, tender, and 
carriage, all connected by a pipe running the length 
of the train. There is also on each vehicle a triple 
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valve and brake cylinder^ with pistons connected to the 
brake levers. 

Maintaining the pressure in the brake-pipe keeps the 
brakes off; but letting the air escape from the brake- 
pipe^ purposely or accidentally^ instantly applies the 
brakes, by allowing air to pass from the small reservoirs 
into the brake cylinders. 

Fig. 10 shows the brake complete on an engine and 
tender. 

The engine, tender, and every vehicle of a train is 
fitted with the following parts, to be found on Figs. 10, 
11, and 12 : A triple valve, f, by means of which the 
instantaneous automatic action is produced, in conjunc- 
tion with a small reservoir, g, in which is stored the 
compressed air for applying the brakes; a brake 
cylinder, h, with pistons and rods connected to the 
brake levers and blocks. Upon the engine is also 
placed the steam-engine and pump, ab, which pro- 
duce the compressed air; a main reservoir, c, for 
storing the air necessary for releasing the brakes and 
recharging the small reservoirs ; a driver's brake valve, 
D, which regulates the flow of air from the main 
reservoir into the brake-pipe for charging the train and 
releasing the brakes, and from the brake-pipe to the 
atmosphere for applying the brakes. A single line of 
pipe, E, called the brake-pipe, extends the whole length 
of the train. Each van has a guard's valve connected 
to the brake-pipe, and a gauge to indicate the pressure 
of air. 

General Principle of Action. 

Compressed air is the power employed to work the 
brake. 

The air, compressed by a pump on the locomotive to, 
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say, 70 lbs. or 80 lbs. to the square mch, fills tbe 
main reserroir on the engine, and flowing through the 
driver's brake valve and main pipe, also charges the 
sup'plomeDtary reservoirs throughout the train. When 
a train is running, uniform dir pressure exists through- 
out its length — that is to say, the main reservoir on 
the engine, the pipe from end to eod of the train, the 
triple valves, and the supplementary reservoirs are all 



charged ready for work, the brake cylinders being 
empty and the brakes oS. The essential principle of 
the system is that maintaining the pressure keeps the 
brakes off, but letting the air escape from the brake- 
pipe purposely or accidentally instantly applies them. 
As soon as the pressure in the brake-pipe is lowered, 
the triple valve piston on each vehicle is moved down 
by the greater pressure above it stored in the small 
reservoir, the air is then allowed to pass instantly into 
the cylinder, force out the piston and rods, and thus 
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cause the blocks to press against the wheels. It fol- 
lows, therefore, that the brake may be applied by the 
driver or any of the guards, or, if necessary, by a 
passenger*, as well as by the separation of a coupling 
or the failure or injury to a vital part of the apparatus, 
whether due to an accident to the train or to the 
brake ; and as the brake on each vehicle is complete in 
itself and independent, should the apparatus on any 
one carriage be torn off, the brake will nevertheless 
remain applied for almost any length of time upon the 
remainder of the train. 

The brakes are released by an increase of pressure in 
the main pipe, produced by the driver allowing air to 
pass from the main reservoir along the train. This 
moves up the triple valves, recharges the small 
reservoirs, and at the same time allows the air which 
had forced out the pistons to escape into the atmo- 
sphere, and the blocks to be withdrawn from the 
wheels by the spiral spring within the cylinder. By 
closing the half-inch cock, A, on the branch leading from 
the train-pipe to the triple valve, the brake on any 
vehicle can be cut out of the system. A release valve, 
liy is also placed upon each cylinder, so that in the event 
of the brakes being applied by the separation of the 
train, or the breaking of a pipe, or when the locomo- 
tive is not attached, they can be released by allowing 
the air to escape from each brake cylinder direct. This 
release valve can be opened from either side of the car- 
riage by pulling a cord, and as it closes automatically 
there is no fear of its remaining open after being used. 

To enable vehicles to be detached without setting 

* If desirable the brake can be placed under the control of pas- 
sengers ; but the author does not consider this necessary. 
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apparatus a brake has been perfected which '' appears" 
to oomply with the celebrated conditions of the Board 
of Trade. 



a 
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The brake is worked by atmospheric pressure of about 
24 inches of mercury or 12 lbs. per square inch. This 
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partial Tacuum is obtained by means of a steBm-worked 
ejector fixed upon tbe en^e,FigB. 13and 19,and sup- 




plied with steam from the locomotive boiler. The action 
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of the ejdctor is inductive, the effect of the steam jet 
being to draw out the air from the train-pipe and all 
vesaels in connection therewith. Beneath each vehicle 
in the train is fixed a cylinder, which is in commonica- 
tion with the train-pipe, Figs. 16, 17, 18. When the 




Fig. 16.— End View. 

steam is turned through the ejector all these cylinders 
are emptied of their contents, hut when from any 
cause, whether the accidental division of the train or 
the intentional act of the driver or guard, air is 
admitted to the train-pipe, a small ball- valve ia caused 
by the rush of air to change its position, by doing which 
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the passage irom the train-pipe to one side of tlie piston 




is closed, whilst the other side is left open to the train- 
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pipe. The piston is tlias out of eqnilibriain, and the 




unbalanced presaure upon its underside forces it up, 



88 SAFE B4ILWAY WORKINa. 

and thus brings the brake blocks to bear upon the 
wheels. 

When it is desired to release the brakes the air inlet 
valves are closed, and the ejector being set to work 
again draws oat the ait from the train-pipe and 
cylinders. As soon as the pressure on the under side 



Fig. 18.— End View of Van. 
of the piston is reduced to an equality with that on the 
top side, the ball-valve opens the top side passage to 
the train -pipe, and the two sides of the piston being in 
equilibrium the brakes fall off the wheels by their own 
weight and the weight of the descending piston. 
Hence, in running, a Tacuum is maintained throughout 
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all the pipes and cylmders by means of the ejector, and 
the brakes are applied by destroying the Tacnum on 
one aide only of the brake pistons. 

The general arrangement of the apparatus will be at 
once understood from the elevations and plans showing 
it attached to engines and vehicles, Figs. 13, 14, 16. 

Having described the principle of the brake, the 



Fig. 18.— Ejector. 

following particulars of details will show how the 
required results are obtained. 

Fig. 19 is the combined ejector by which the vacuum 
is formed and maintained in the train-pipe and brake 
cylinders. It is arranged so that, when the handle is 
in the position shown, a small supply of steam is 
allowed to pass the cones of the small continuous 
ejector, for the purpose of keeping the vacuum from 
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deetructioit by leakage. When the handle is at ON 
the train-pipe is filled with air through the numerous 
perforations of the handle disc. When at OFF steam 
passes through the large ejector at its full power. 




withdrawing air from the pipes and both sides of the 
brake pistons, and thus releasing the brake. 

The formation of the Tacunm is brought about by 
the induotiTe action of the passage of a small amount 
of eteam around the conical nozzles, the steam carrying 
with it a very much larger quantity of air. By the 
ejector handle the driver can easily either fully apply 
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r lie can adjust the pressure 
suit any necessary reqnire- 



or releaee tbe brakes, i 
of the brake blocks t 
ment. 

Fig. 20 is a sectional view of the engine and tender 
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Fig. 21. 

brake cylinder ; it is provided with a piston made air- 
tight by means of a rolling ring which allows freedom 
of motion to the piston. To the piston is atteched a rod 
which is directly connected with the brake levers, as 



SAFE RAILWAY WORKING. 



ehown, and to allow for tbe curvature of tlie path de- 
scribed by the moTing levers, the cylinder is swung on 



Fig. 22.— Section of the Bull Valve. 

trunnions. Upon the underside of the cylinder is 
fixed the ball-va\ve. 

Fig. 21 shows the cylinder used for carriages and 




Fig. 23.— EleTation of Ball Valve. 
vans ; it is similar to those for engines, except that it 
is placed within an outer casing of wrought iron, to 
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whicli are attached the trunnions upoi; Vhich . the 
cylinder swings. The outer casing acts a9 a ^vacuum 
reservoir^ and its effect is to minimise Ihe effect of 
compression of the rarefied air above the piston when 
the brakes are applied. 

Fig. 22 is a section of the 
baH-valve which provides 
for the automatic action of 
the brake. It consists of a 
chamber having free com- 
munication with the train- 
pipe, and with the lower 
side of the brake cylinders, 
to each one of which one of 
these valves is attached, 
and forms part of the con- 
nection between them and ^ 
the pipe. 
From the 
chamber 
of this 

automatic valve is also 
another passage, which leads 
to the top side of the brake 
cylinders, but this passage 
has a ball-valve to close it. 
This ball, however, has no 
tendency of itself to close Fig- 24.— Guard's Valve. 

the passage, being neutral, owing to the horizontal 
direction in which it rolls. It will therefore be seen 
that when the ejector is put in action the ball will 
allow air to flow put from above the brake pistons as 
freely as it flows from below them. When, however, 
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air is admitted to the train-pipe, by the driver, guard, 
or by the passenger, or by the breaking of the train, 
the rush of air to the now empty cylinders easily rolls 
the balls before it and against their seatings. This 
closes the top side passage, and the pressure of the 
atmosphere is left unbalanced upon the undersides of 
the pistons, thus forcibly applying the brakes. The 
ball will remain against its seat until it is set free by 
the ejector again drawing out the air from behind it. 

When it is desired to release 
the brakes of a vehicle, in 
a siding for example, and 
uncoupled from the engine, 
this is done at once by pull- 
ing at the lever shown con- 
nected to the valve, or 
rather to the little cage 
which carries the ball. By 
pulling the lever the ball is 
drawn off its seat by the 
encircling cage, and air rush- 
ing in releases the brakes. 
^i».25. Fig^ 24 is the guard's 

valve, by means of which he can apply the con- 
tinuous brake* Above the valve is a small vacuum 
chamber, in which is placed the guard's pressure 
or vacuum gauge. This chamber communicates with 
the train-pipe by means of the small hole through 
the valve-spindle. The opening at its base is made 
tight by a disc of india-rubber, which allows full 
movement of the parts without allowing air to pass. 

When the driver applies his brake he destroys the 
equilibrium between the pressure in the upper or 
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gauge chamber and that in the train-pipe, and in 
obedience to the difference the guard's valve rises and 
admits air to the pipe through the holes shown round 
the valve chamber. By this means is insured the 
quicker application of the brake all along the train. 

A drip-cup and valve is shown (Fig. 25), to collect 
any moisture which accumulates in the pipes. 

An enlarged view of the coupling between the 
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Fig. 26. 

vehicles is shown (Fig. 26). To couple the hose-pipes, 
one must be taken in each hand and lifted sufficiently 
high to hook the bottom \onis together, then by 
lowering the coupling, the top horns fit into the slots. 
This coupling is becoming generally adopted for all 
forms of vacuum brakes. To close the brake-pipe at 
each end of the train, the coupling is placed upon a 
stop-plug. 



CHAPTER V. 

THE BREAKING OF LOCOMOTIVE DRIVING AXLES. 

Major Marindin, in his report upon the disaster 
which occurred at Bullhouse, near Penistone, on the 
Manchester, Sheffield, and Lincobishire Railway, upon 
the 16th July, 1884, remarked that the accident should 
lead locomotive engineers to consider carefully the 
relative advantages of engines with inside cylinders 
and crank axles, as compared with engines with outside 
cylinders and straijrht axles; of steel axles as com- 
pared with iron a5es ; and of cranks hooped with 
wrought-iron bands, as compared with craoks having 
the additional strength provided by an increase of 
metal in the webs of the crank itself. In pursuance 
of that recommendation, a return was prepared, show- 
ing the number of driving axles in use, and the propor- 
tion thereof broken when running, and taken out in 
the shops after the detection of flaws, in the United 
Kingdom, during the year 1883, the details of which 
appear in the summarised returns given on the follow- 
ing page, from which it will be seen that " no less than 
one in every sixteen driving axles in use during the 
year 1883 were either broken or condemned.'* Such a 
fact as this is certainly a*serious one for reflection. 
The advocates of the outside cylinder engines 
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ENGINE AXLES BROKEN OR DEFECTIVE, 1883. 



Description. 


Number in 
use. 


Broken in 
running. 


Taken out in 
shops. 


Iron. 


Bteel. 


Iron. 


Bteel. 


Iron. 


Steel. 


Crank axles without 

hooped webs . . . 
Crank axles with 

hooped webs. . . 
Strai^t axles, outside 

C}'lmders .... 
Total driying-wheel 

axles 

Total .... 


2,867 

4,121 

438 

7,426 


4,733 
1,222 
1,467 
7,422 


Per 
Cent. 

3-1 
0-S6 
60 
20 


Per 
Gent. 

0-9 
0-9 
0-6 
0-8 


Per 
Cent. 

6-0 

7-7 
2-7 
6-8 


Per 
Cent. 

3-8 
0-7 
0-8 
2-7 


14, 


848 


2-8 


9-6 





Number in 
use. 


Broken in 

running 

with 

passenger 
trains. 


Broken in 
running 

with goods 
trams. 


Taken out 
in shops 
flawed. 


Crank axles . . . 
Straight axles . . 


12,943 
1,906 


70 

10 


108 
19 


680 
24 


14,848 


80 


127 


704 



frequently claim that they avoid the danger of a crank 
axle ; but from the above figures it appears that out of 
1,905 straight-driving axles, 10 were broken when 
running with passenger trains, 19 when running with 
goods trains, and 24 were taken out in the workshops 
after detection of flaws; it will therefore be seen that 
5-5 per cent, of straight-driving axles broke when 
running. 

It is satisfactory to notice that a large proportion of 
defective driving axles (704) were discovered and 
taken out in the shops, and, doubtless, a more careful 

H 
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and frequent examination will reduce the number 
" broken in running ; " but still, growing flaws will 
exist, which no care or investigation can detect. It 
is often stated, and, indeed, is almost taken for granted, 
that a crank axle is, and must be, weaker than a 
straight axle; but there seems to be no proof that 
this is the case in practice, for when the various strains 
upon a crank axle are carefully calculated and worked 
out, they are found to fall far short of a force which 
would be sufficient to fracture a good sound axle. 

The question is constantly asked, " What is it that 
breaks a crank axle P '' and it is one which deserves 
very careful attention. As the weight resting on the 
axle, and the pressure of steam on the pistons, are 
certainly not enough to account for the fracture or 
failure, other reasons must be looked for, and other 
causes examined. When an engine is running at 
high speed, there is a greater or less amount of oscilla- 
tion ; this is kept in check by the flanges of the 
wheels, and great strain is put on the axles. Points 
and crossings are generally laid to gauge or even tight, 
and it frequently happens that the flanges of the 
wheels are thus pinched, and it will be at once seen 
that this action must exert an enormous force upon the 
axle by. the tendency to bend it upward in the middle. 
This force is greatly increased with the size of the 
wheel, as the leverage or length of the spokes is 
greater. The author is of opinion that the strains 
which increase growing flaws, and ultimately end in 
fracture, are in a very great measure due to the force 
communicated to the axle by the wheels and flanges. 
He has, therefore, given this question of " side thrust " 
very careful attention, and advocates the plan of turn- 
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ing the driving-wheel flanges thinner than the others, 
in order to avoid the pinching action and side shocks 
as far as possible. At the present time, great difference 
of opinion appears to exist with regard to the relative 
advantages of iron and steel crank axles. 

The following tabulated statement shows the number 
of axles in use in this country to December 31, 1883 : 



Railway. 



Fumess 

Great Eastern 

Great Northern 

Great Western * . . 

Lancashire and Yorkshire . . . 
London and North Western . . . 
London and South Western . . . 
London, Brighton, and South Coast 
London, Chatham, and Dover 
Manchester, Sheffield, & Lincolnshire 

Metropolitan 

Metropolitan District 

Midland 

North Eastern 

North London 

North Staffordshire 

South Eastern 

Tdff V^e 

Caledonian 

Glasgow and South Western . . 
Great North of Scotland .... 

Highland 

North British 

Great Northern of Lreland . . . 
G. S. & W. of Ireland .... 
Midland Great Western of Ireland 
Total of 68 minor lines .... 

Total, United Kingdom 

Total crank axles . . . 

Total driving axles . . . 



Iron. 


Steel 


Ontside 


crank 


crank 


cylinder 


axles. 


axles. 


engines. 


6 


112 


1 


37 


380 


198 


709 


19 


37 


1,362 


410 


38 


673 


366 


8 




2,174 


137 


6 


170 


324 


90 


329 


1 


34 


134 




216 


282 


12 






66 




— 


42 


1,463 


232 


16 


1,383 


66 


13 




37 


60 


16 


99 


9 


— 


324 


1 


132 


7 


3 


30 


3 


667 


13 


264 


13 


2 


— 


63 




3 


69 


681 


2 


29 


77 


47 


6 


— -. 


172 


— 


22 


80 


— 


260 


263 


133 


6,988 


6,966 

^ ^ 

943 


1,905 


12, 




14,848 




J 


i 






r ^^. -- 
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From this table it will be seen that the Great 

Northern, Great "Western, Midland, North Eastern, 

and North British Companies appeared to be in favour 

of iron cranks, the London and North Western being 

the most important supporter of steel. The advocates 

of steel axles frequently assert that the matter is simply 

one of ^' strength," and that as steel is stronger than 

iron, it must be better for use in axles ; but the author 

contends that very many other matters have to be 

considered besides the mere tensile strength of iron 

and steel. An axle may be too stiff and too strong, 

and this extra stifEness or rigidity causes extra strain 

and shock to be thrown upon it, which ultimately ends 

in its failure ; therefore it will be seen that an axle 

must have a certain amount of elasticity, and that it is 

not so much a question of what is sometimes called 

" strength '' as of capability to resist strains. It is a 

well-known fact that some straight axles have been 

made too rigid, and they have broken in consequence, 

but such breakage has been almost entirely prevented 

by reducing their diameter at the middle, and giving 

them more elasticity ; in other words, paradoxical as 

it may sound, the axles have been strengthened by 

weakening them. It has been truly stated that more 

iron than steel axles fail every year ; but, on the other 

hand, the fact must be remembered that there is a 

far larger number of iron cranks in use, also that they 

run a much greater mileage than steel before they 

break. 

The following table, compiled from the Board of 

Trade Returns, shows the total number of driving 

axles which have broken when running during the 

past five years,, together with the average mileage : — 
1- 't f. • ,*fc ^ • 
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Year 1881. 262 crank or driving axles failed. 
177 were made of iron. 
86 „ ,, steel. 
Average mileage of 167 iron axles = 197,574 miles. 
,y y, 80 steel axles = 181,842 „ . 

Year 1882. 242 cases. 
1 66 were made of iron. 
86 ,, ,, steel. 
Average mileage of 150 iron axles = 206,867 miles. 

„ „ 83 steel axles = 192,463 „ 

Year 1883. 247 cases. 
173 were made of iron. 
74 „ ,, steel. 
Average mileage of 171 iron axles r= 213,719 miles. 

„ „ 72 steel axles =: 199,471 „ 

Year 1884. 200 cases. 
138 were made of iron. 

62 ,, „ steol. 

Average mileage of 136 iron axles = 216,333 miles. 

„ „ 69 steel axles = 173,287 „ 

Year 1886. 190 cases. 
127 were made of iron. 

63 „ ,, steel. 

Average mileage of 125 iron axles = 226,037 miles. 
„ „ 63 steel axles == 219,644 ,, 

It will at once be noticed that in every year the 
" steel " had the least number of cases, but the "iron *' 
axles ran the greater mileage before breaking. 

A very interesting tabulated statement has been 
published by Messrs. Vickers, Sons, and Co., giving 
details and mileage of all the steel crank axles of their 
manufacture, the highest mileage attained being shown 
in the following table : — 
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Name or 

number of 

engine. 



"Munster" 

17 

251 

1,003 

36 

162 

Old 10. R.2. 

204 

6 

7 

23 

266 

14 

56 



Railway company. 



Great Northern of Ireland (N. Division) 

South Eastern 

London, Chatham, and Dover 
Great Southern and Western of Ireland 
Glasgow and South-Western 
Manchester, Sheffield, and Lincolnshire 

North London 

Maryport and Carlisle .... 
London, Brighton, and South Coast . 

Great Eastern 

Waterford and Limerick 
Belfast and Northern Counties 

Midland 

Great Northern of Ireland (S. Division) 
♦TaffVale 



Mileage. 



647,965 
621,246 
479,515 
477,388 
420,617 
416,097 
412,536 
396,753 
391,115 
376,186 
360,959 
348,213 
326,102 
319,116 
252,938 



The above figures are useful, showing as they do 
what steel crank axles can attain, but at present it is 
to be regretted that there does not appear to be any 
similar comparative table in existence giving the 
performance of iron axles. 

Through the courtesy of several companies and 
officials, the author has lately been supplied with a 
very considerable amount of valuable information, 
which, now carefully tabulated, adds to the data upon 
this important subject. So far as these inquiries have 
at present extended, they appear to point to a concli^- 
sion, that if a steel crank axle is defective or flawed 
when new, the failure takes place at an early period in 
its life, and that if it runs for 150,000 or 200,000 
miles, there is a great probability that it may after- 
wards run a very great distance. 

* With the exception of the Taff Yale axle, all the others were at 
work when the details were compiled. 
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It will be understood that this opinion is not men- 
tioned in a spirit of assertiveness, but is simply 
recorded in order that the circumstances may be con- 
sidered and further investigated by any person who 
may be devoting attention to this branch of locomotive 
engineering. If the above conclusion proves to be 
founded on sound data, it will be important, as in 
such case we shall probably have to wait until some of 
the cranks which have run an unusual mileage ulti- 
mately break, which may be a period of several 
years. 

From the table (page 97) it will be seen that con- 
siderable difference of opinion appears to exist with 
regard to the value of hooping the webs of the cranks, 
there being 5,343 with such hoops, and 7,600 without. 
The author, having obtained all available details from 
the various companies, had some experiments made, and 
also witnessed others, the result being that it appeared 
that when a crank -web breaks nearly or quite straight 
across, the hoops are of the greatest use in holding 
the crank together; but, on the other hand, when the 
fracture occurs in a slanting direction, the hoop is not 
only rendered of no value, but it even tends by its 
tightness to force the broken parts out of the required 
position. The hooping of a crank practically lengthens 
it about 2 inches, and there are very many engines 
running in which hoops cannot be employed in conse- 
quence of there being no available space between the 
crank and the under side of the boiler. 

To overcome the above-mentioned diflSculties, the 
author designed and applied for a patent for an im- 
proved method of strengthening the webs or throws of 
cranks, Fig. 27. The crank having been manufactured 
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in the usual manner^ the improYement consists in 
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Fig. 27.— Stretton*B Patent Crank. 



u 



drilling two holes of about 2 inches diameter through 
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the length of the webs, a a. A bolt, pin, or screw, 
B, is then passed through the said holes. 

Each bolt should be made of steel, having a tensile 
strength of not less than 40 tons per square inch, and 
can be either screwed into the web or made a driving 
fit and forced in by any desired hydraulic pressure, 
and afterwards secured by a nut and split-pin. 

c c shows the position of a slanting fracture, and 
the manner in which the bolts would strengthen the 
crank when working, and in case of breakage, they 
would hold the web in place in such a manner that 
the wheels of a locomotive engine would be prevented 
from leaving the rails, and thus give time for the 
engine-driver to bring his train to rest and prevent a 
disaster. 

The patent is dated 7th September, 1885, No. 
10,556; it has become the sole property of Messrs. 
Vickers, Sons, and Co., Sheffield, by whom it is being 
introduced and manufactured. 

The annexed diagram, Fig. 28, illustrates the crank- 
axle of the Manchester, Sheffield, and Lincolnshire 
Company's engine. No. 434, which broke when running 
at a speed of about 50 miles an hour, and caused the 
Penistone disaster, by which twenty-four persons were 
killed and sixty-four injured. The position of the 
fracture is clearly shown across the outside web of the 
right-hand crank. 

This axle was made by Messrs. Taylor, of Leeds, 
and was forged in the usual manner out of an ingot of 
cast steel, the slot pieces being knocked out after it 
was annealed. 

The webs were, 14^ inches in width, but without 
hoops, the outer webs being a quarter of an inch 
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Fi g. 28. — Crank Axle, Penistone Accident. 
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thinner than the inner ones. It is difficult to account 
for the fracture of the crank at that particular time, 
for, although there was a growing flaw in the web, the 
author measured it, and it did not exceed 4^ inches in 
length and 2 inches in depth at the deepest part, and 
it is probable that the flaw did not extend to the 
surface till the fracture occurred. 

According to the tests of pieces cut from this crank 
after the accident, the metal was a mild, soft steel of 
good quality, with a tensile strength of 27 tons per 
square inch. 

Elongation 20 per cent. 
Contraction 40 per cent. 

The analysis 'showed the following results: — 

Carbon '230 

Manganese '482 

Silicon -063 

Sulphur '027 

Phosphorus '066 

Iron (by difference) 99*133 

100-000 

The engine had cylinders 17inches diameter, 26inches 
stroke, with driving-wheels 6 feet 3 inches diameter, 
having 15 tons 14 cwts. resting upon them. The crank 
was well designed, and contained ample material to 
give the required strength; however, we know that 
it broke with disastrous results after running only 
50,776 miles. 

It may be here mentioned that several railway com- 
panies specify that one out of fifty axles shall be tested, 
and stand five blows from a weight of 2,000 lbs. falling 
from a height of 20 feet, upon the axle, upon supports 
3 feet 6'inches apart, the axle being reversed after each 
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blow. Straight axles for engines should be able to 
stand being bent double when cold, without signs of 
fracture. On some lines it is expected that crank axles 
should run 200,000 miles, and if they fail at a less 
mileage, the manufacturer is required to replace them. 

The author does not advocate the adoption of either 
iron or steel for cranks, his object being to fully and 
impartially continue his inquiries with a view to draw- 
ing out practical data and conclusions upon this subject, 
which it is known and admitted is not yet so well un- 
derstood as it should be, and requires careful study. At 
present perhaps the most important information neces- 
sary is full details of every axle which fails, specially 
stating the exact point at which the fracture occurs ; it 
is to be hoped that these data will in future form part 
of the Board of Trade Returns. 

Reference should here be made to the practice of 
continuing the use of a crank axle after it is suspected, 
or has even shown a slight flaw. At the Penistone 
inquiry it was given in evidence that if a flaw was 
detected the crank and pair of wheels were scotched 
and fixed to the rails in the shop, and another pair of 
wheels run against the pair to be tested, and if they 
stood that test they were considered all right. The 
author has known many suspected cranks break when 
working fast trains, and at the present moment he 
knows of several " doubtful " ones which may be the 
cause of a disaster any minute. Major Marindin, in 
his report, stated, '* It is manifest that the more fre- 
quently cranks are examined thoroughly, the greater 
probability there will be that growing flaws will be 
detected ; he therefore recommended that the big ends 
should be taken down at the weekly examinations^ 
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Fig. 29.— Crank Axle, Larbert Accident. 
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instead of only monthly, as at present ; and as regards 
the Manchester, Sheffield, and Lincolnshire Railway 
Company, in particular, he observed that thore must be 
considerable and unjustifiable risk in running a sus- 
pected axle under observation, when an apparent flaw 
has not been extended by the test to which it has been 
subjected, which, according to the evidence of the super- 
intendent of the works at Gorton, was the practice upon 
that Kne." (July, 1884.) 

On the 24th of August an accident was caused at 
Larbert Junction on the Caledonian and North British 
Railways by the breaking of the inside web of the right- 
hand crank of a Caledonian Company's tank engine, 
No. 541 (Fig. 29), when working the 10.15 p.m. passenger 
train from Larbert to Grangemouth, the speed being 
about 15 miles an hour. The engine had six wheels, the 
leading and driving being coupled ; a single frame 
and single bearings ; the stroke was short, being only 
20 inches. 

The crank axle was of steel, made by the Bolton Iron 
and Steel Company, and its dimensions will be found 
upon the diagram. It had been working since Novem- 
ber, 1870, and had run a total distance of 210,581 miles. 
It was not hooped. General Hutchinson in his report 
stated, " It is a grave question whether it is wise to 
continue to run crank axles after their mileage has 
reached a certain amount (to be fixed after careful con- 
sideration), especially in the case of steel axles, which 
often give such little warning before fracture." 

The following table, compiled from the Board of 
Trade Returns, shows the total number of axles of all 
descriptions which have broken when running during 
the past eight years : — 



AXLES BBOKEIT IN EIGHT YEABS. 



Ill 



Year. 


Engine axles. 


Tender 
axles. 


Carriage 
axles. 


Waggon 
axles. 


Salt ran 
axles. 


Total. 


Crank or 
driving. 


Leading or 
trailing. 


1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 


266 
248 
251 
262 
242 
247 
200 
190 


21 
24 
27 
21 
22 
28 
23 
31 


19 
23 
25 
37 
32 
21 
24 
17 


3 
3 
1 
3 
2 
2 
6 
4 


221 
190 
192 
200 
140 
141 
113 
130 


10 
8 
18 
17 
13 
11 
19 
5 


540 
496 
514 
540 
451 
450 
385 
377 



It IS sincerely to be hoped that Major Marindin's 
suggestion as to the careful consideration of this sub- 
ject will receive every attention; and that, as a practical 
result, a more perfect crank axle will be employed, 
which, together with the universal adoption of a quickly- 
acting automatic continuous brake, will render the 
recurrence of such a terrible disaster as that which 
happened at Fenistone impossible. 



CHAPTER VI. 

IMPROVED COUPLINGS FOR RAILWAY WAGGONS. 

One of the most important matters discussed at the 
Annual Congress of the Amalgamated Society of Rail- 
way Servants, October, 1885, was the great necessity for 
some improved form of couplings upon goods and 
mineral waggons, in order to avoid the guards and 
shunters having to go between the vehicles to couple 
or uncouple them. During the year 1884, 130 men 
were killed and 1,305 injured whilst engaged in shunt- 
ing operations, and during the last nine years 1,122 
have been killed and 11,314 injured under similar cir- 
cumstances. The railway companies have for years 
been asked to take steps to prevent this serious loss of 
life, but unfortunately nothing was done to test the 
various appliances. The Servants' Society, however, at 
the Congress voted the sum of £500 to carry out 
the required practical trials. The experiments took 
place at the Nine Elms goods yard of the London and 
South- Western Railway, and, as the author was one of 
the judges upon that occasion, a copy of the report is 
appended : — 



IIEPORT AND AWARDS 

OF THB 

JURORS OF THE COUPLING TRIALS, 

^eld at the Nine Mine Oooda Yard of the London and South' 

Western Itailway, 

ON;.MARCn 29th, 30th, and SIst, 1886. 



To the President and Membera of the Amalgamated Society, 

Gentlemen, 

It will be remembered tbat at the annual general 
meeting of the Society, held at Leicester in October, 
1885, a report was received from a committee appointed 
to examine the railway safety appliances at the Inven- 
tions Exhibition. In that report the committee stated 
that '* no reliable report as to the efficiency of any 
system of coupling or uncoupling could be based upon 
the results of experiments with models alone. Kothing 
short of a trial with the full-sized and actual working 
appliances could bo relied on, and they considered it of 
the utmost importance that a test of this kind should 
bo arranged/' Acting on this suggestion, the annual 
general meeting decided to set aside £500 for the 
purpose of offering prizes to inventors and to meet the 
necessary expenses, and instructed the executive com- 
mittee to make what arrangements were possible for 
practically testing full-sized improved couplings. Such 
is a brief outline of the coupling question as it existed 
at the time of your last annual general meeting. 

t 
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We now beg to report that, in pursuance of the fore- 
going instructions, we have instituted, carried out, and 
brought such trials to a highly satisfactory conclusion. 
In order to arrive at such a result, it was necessary in 
the first place to obtain the use of sidings, waggons, 
and an engine ; and as soon as our requirements were 
made known through the press, Mr. Charles Scotter, 
general manager of the London and South- Western 
Railway, courteously invited two of the Society's 
officers to meet him at the Waterloo Bridge Station, 
so that he might know the extent of our requirements. 
Accordingly, on the 8th of January, an interview took 
place between Mr. C. Scotter, general manager, and 
Mr. J. T. Haddow, goods manager of the London and 
South- Western Railway, and Mr. Clement E. Stretton, 
C.E., vice-president and consulting engineer, and Mr. E. 
Harford, general secretary, on behalf of your society ; 
when Mr. Scotter at once offered every facility that 
could be desired, and expressed a hope that the trials 
might result in practical benefit. It was also arranged 
that the trials should take place at the Nine Elms 
goods yard, as by its proximity to London, and its 
extensive siding accommodation, it presented a most 
suitable area for conducting such experiments. 

On the 13th of January, 1886, a circular was issued 
to inventors by the general secretary, requesting those 
desirous of competing to forward drawings, specifica- 
tions, or models of couplings they desired to have tested, 
to the head offices of the Society before January 30th. 
In response to that circular upwards of three hundred 
inventions were submitted for inspection, very many of 
which were crude and clearly unpractical, but, after 
careful examination by a sub- committee appointed for 
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that purpose, it reported that thirty-four of the 
appliances appeared to possess merit, and deserved to 
be entered for trial. 

At the meeting of the executive committee in 
February, 1885, it was resolved that the jury to decide 
the relative merits of the couplings selected for trial 
should consist of thirteen members of that committee 
(who were at liberty to send substitutes in the event of 
not attending themselves) and three independent ex- 
perts, viz., Mr. Clement E. Stretton, C.E., Mr. Lawrence 
Saunders, and Mr. Joseph Stevenson. This jury, as 
constituted, consisted of nine goods guards, two engine- 
drivers, one fireman, a signalman (who had previously 
been a shunter), and the experts just mentioned. It 
was further decided to offer three prizes for automatic 
and three for non-automatic couplings, of £100, £50, 
and £25 respectively, and to issue the following condi- 
tions, in order that inventors might understand the 
objects to be attained. 



Non-automatic Coupling. 

1. The operations of coupling and uncoupling must 
be performed quickly and with ease on either side of 
the waggon. 

2. The apparatus should be equally efficient for 
coupling or uncoupling with a waggon fitted with 
ordinary hook and links. 

3. Accidental uncoupling must be impossible. 

4. If the apparatus should be out of order it must 
be possible to couple or uncouple the waggons as at 
present. 
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5. There must not be any projection at the sides or 
otherwise, with which the men might be accidentally 
struck. 

6. The present drawbar hook should not be disturbed. 

7. The parts must be capable of rough usage, and 
not liable to get out of order. 

Automatic Coupling. 

1. It must be possible to couple two or more waggons 
instantaneously on coming in contact with each other, 
and without the assistance of the shunters. 

2. It must not be possible for waggons to couple on 
coming in contact with each other unless required to 
do so. 

3. It must not be possible to uncouple accidentally. 

4. The operation of uncoupling must be performed 
with quickness and ease on either side of the waggon. 

5. It must be possible to couple easily with a waggon 
fitted with the ordinary drawbar hook and links. 

6. It must couple or uncouple, if required, on curves. 

7. The links or shackles must be flexible, and admit 
of waggons running together without the possibility of 
uncoupling. 

8. The flexibility of the present links must be pro- 
vided for to prevent accidents or injury to the apparatus 
or otherwise from rigid projections or parts. 

9. There must not be any projections whatever, liable 
to cause accident or injury to shunters. 

10. The apparatus as a whole must be strong, durable, 
and reliable. 

11. The operation of putting the apparatus in posi- 
tion to couple, as also the operation of uncoupling, must 
be possible with one hand. 
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The following inventors submitted their couplings 
for trial : — Messrs. Younghusband and Hudson, of 
Darlington ; Messrs. Wass and Wheeler, of Oldbury ; 
Mr. "W. Hill, of Stoke-on-Trent ; Mr. R. Lansdale, 
of Halewood, near Liverpool; Mr. S. Pettit, of 
Kingston-on-Thames ; Mr. C. Wroot, of Hitchin ; 
Messrs. Morris and Wood, of Doncaster ; Messrs. 
W. Cook and Sons, Glasgow and Sheffield ; Mr. J. 
Royston, of Accrington ; Messrs. Latham Brothers, of 
Sheffield ; Mr. J. Davies, of Salford ; Mr. J. T. Roe, of 
Balham ; Mr. G. Turner, of Ashton-under-Ljme ; 
Messrs. Beddall and Small, of Openshaw ; Mr. J. H. 
Betteley, of London ; Mr. W. H. Moon, of Swindon ; 
Messrs. At took and Morris, and Attockand Mosley (2), 
of Newton Heath ; Mr. G. Fenwick, of Gateshead ; 
Mr. T. Williams, of Stockton-on-Tees ; Messrs. Mitchell 
Brothers, of Keighley ; Mr. J. W. Hancock, of Leices- 
ter ; Mr. C. B. Phillips, of Chester ; Messrs. Ibbotson 
Brothers, of Sheffield ; Messrs. Richardson and Green- 
wood, of Harrogate ; Mr. W. Boucher, of Bullo Pill ; 
The Hannay-Cowan Coupling Co., of Glasgow ; Dar- 
ling's Patent Automatic Coupling Co., of Glasgow ; 
Mr. E. Heinke, of Upper Teddington; Mr. F. W. 
Trewhitt, of Barrow-in-Furness ; Messrs. Holt and 
Whittaker, of Newlay, near Leeds ; Mr. H. Stephens, 
of Beighton, near Sheffield ; Messrs. Golightly and Son, 
of Guide Bridge ; and the Compagnie des Appareils 
Automatiques, of Paris. 

Of these inventions seven belonged to the automatic 
class, and twenty-seven to the non-automatic class. 
The automatic couplings, as their name implies, couple 
themselves when the waggons come in contact, and are 
put out of action when not required to couple. The 
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non-automatic couplings consist of various forms of 
links or chains, which are placed upon the drawbar 
hook of the next vehicle by means of various kinds of 
apparatus designed by the inventors for this purpose. 

The methods adopted for testing the capabilities of 
the various couplings were of a decidedly practical 
character, and such as suggested themselves from our 
experience of every-day working of goods and mineral 
traffic on railways, which enabled us to form what we 
consider an accurate judgment of the merits and defects 
of each. 

The result of the tests applied on the two first days 
was the selection of thirteen of the best inventions, for 
final test or consideration. Several of these possessed 
considerable merit, consequently the most close exami- 
nation of minute points was made in order to determine 
their relative value, and it is worthy of notice, as a 
fact that adds greatly to the interest and value of these 
trials, that the voting in favour of these inventions, to 
which we have awarded the six prizes, was almost 
unanimous. 

The following are our awards : — 

NON-AUTOMATIC COUPLINGS. 

1st prize of £100 — Messrs. Yovnghvsband & Hudson, of Darlington. 
2nd „ £60— Mr. W. Hill, of Stoke-on-Trent. 
3rd „ £25 — Messrs. WiLiiiAM Cook and Sons, Glasgow and 

Sheffield. 

AUTOMATIC COUPLINGS. 

Ist prize of £100 — Dabling's Patent Automatic Coupling Co., 

Glasgow. 
2nd „ £50— Messrs. Latham Brothers, of Sheffield. 
3rd „ £25— CoMPAGNiE DES Apfareils Automatiquss, of Paris. 

With regard to the unsuccessful competitors, it is 
only fair to observe that some of their inyentions had 
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points of merit that carry "with them their own recom- 
mendation^ while the points in which they failed might 
possibly be remedied^ so that we take this opportunity 
of pointing out the defects observable in some of them 
which would be prejudicial to their adoption : — 

1st. Rigid projections at the ends of the waggons, 
rendering them liable to injury by fouling other waggons. 
Also risk of injury to persons operating, through levers 
being awkwardly placed at the side of the waggons. 

2nd. The position of the apparatus being so high as 
to interfere with sheeting, and not being adapted to 
low-sided waggons. 

3rd. Not being adapted to couple when the drawbar 
hooks are in close proximity to each other nor suited 
to the varied length of buflPers. 

4th. Apparatus not adapted to fit coupling chains at 
present in use, in some cases alteration of a hook being 
also required. 

5th. Levers so placed as to prevent shunters seeing 
the coupling when operating it. 

6th. Failure to couple with certainty when applied. 

7th. The apparatus being too heavy to work easily, 
some exceedingly so. 

8th. Requiring practice or " knack " before they can 
be handled efficiently. 

9th. Danger of damaging apparatus when placed in 
coupling position on waggons with spring buffers coming 
sharply together. 

In conclusion, we beg to congratulate the Society 
upon the highly satisfactory termination to which the 
coupling trials have been brought, and the large amount 
of public interest they called forth. Never since the 
great brake trials at Newark in 1876 has such a 
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concourse of directors, officials, inventors, engineers, 
and railway servants been collected together to witness 
the carrying out of a trial of safety appliances, and it 
is certainly the first occasion upon which any railway 
company has ever placed a portion of its lines, rolling 
stock, engine and servants, for the time, entirely 
under the control of any Society, or person, and we 
hereby express our high appreciation of the courtesy 
shown to us, and the ample facilities afforded by the 
directors and general manager of the London and 
South- Western Railway. Finally,* we are of opinion 
that the appliances to which upon their merits we have 
awarded prizes are good, practical, and inexpensive'\ coup- 
lings, which appear to fulfil all that can be required in 
duily working, J and we have no hesitation in stating 
that their adoption would for ever terminate that fear- 
ful slaughter which annually results from goods guards 
and shunters having to pass between the waggons to 
couple and uncouple them, and which is so much 
deplored by the members of this Society, and the 
railway service generally. 

We have the honour to be, gentlemen. 

Your obedient servants, 

Clement E. Stretton, J. Buckley, 

Lawrence Saunders, Bernard C. Starkey, 

J. Stephenson, Henry C. Mady, 

Johnson Flintham, H. Davies, 

James Jenkins, T. Bevan, 



* J. Stephenson dissents from the first clause, commencing at the 

word ** finally." 

t J. Easton objects to the words, "praclical and inexpensive." 

X W. Elliss objects to the words, " which appear to fulfil all that 

can be required in daily working." 
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Charles Wright, W. Elliss, 

Ed. Garrity, William Foreman, 

Fred. Willis, J. Easton, 

Edwd. Harford, General Secretary, 

Head OfiBces, Amalgamated Society of 
Railway Servants, 
306, City Road, London, E.G. 
May nth, 1886 



DESCRIPTIONS OF THE SIX PRIZE 

COUPLINGS. 

The Coupling of Messrs. Younghusband and 

Hudson, Darlington. 

Ist prize, non-automatic, £100 (Fig. 30). 

This coupling and uncoupling appliance is a very 
simple contrivance, and is especially designed to take 
hold of and utilise the existing links and hooks on rail- 
way waggons without any alteration to the same. By 
a simple combination of swivel joint and lever, every 
possible kind of movement can be given to the links 
by taking hold of the outside lever, which projects no 
farther than the outside of the buffer beam of the 
waggon, and from the great power a man has with the 
lever, it is well adapted to couple and uncouple stiff 
couplings. An idea of the facility of the arrange- 
ment will be gained from the fact that the time occu- 
pied to couple and uncouple a waggon is only two 
seconds. The weight of the coupling is 36 lbs. for 
each end of the waggon, and can be supplied at a cost 
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of lOs. for each end of waggon, Tbie apparatus can 
be made equally applicable to screw couplings as well 
as to chain couplings. 




The Coupling hf W. Hill, Stokb-on-Trent. 
2nd prize, non-automatic, £50 (Fig. 31), 
To couple waggons lift the handle, which lifts the 
end link vertically to the height required for hooting 
on the other truck ; on raiding the handle a little 
higher, the end link travels laterally to the full length 
of chain; loose the handle, and end link drops over 
hook of the other waggon, and the work of coupling is 
complete. This arrangement is adapted for coupling 
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either full length of chain or as short as possible. To 
nncouple, raise the handle until the end link is high 
enough to miss point of hook, then loose the handle 
and the balance weight completes the work. Betains 




Fig. 31. — William Hill Stoke on Trent (2nd prize Dou-&utoinBtic). 

the present drawbar and hook, and will couple with 
any present rolling-stock and stand rough usage. 

The Coupling of "W. Cook, Jun., Olasoow. 

Zrd prise, non-automatic, £25 (Fig. 32). 

The operations of coupling and uncoupling can be 

performed quickly and with ease on either side of the 

waggon. The apparatus is fitted to the ordinary hook 
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and links. Accidental uncoupling must be impossible. 
If tbe apparatus should be out of order, it is possible to 
couple or imcouple the waggons as at present. There 
is not any projection at the sides with which the men 
might be accidentally struck. The present drawbar 
hook is not disturbed. The parts are capable of rough 




Fig. 32.— Mr. W. Cook, Jun., Glasgow (3rd prize, non-ouhiniatic). 
usage, and not liable to get out of order. Will couple 
and uncouple with stone or coal waggons fitted with 
end doors for shipment. Will couple and uncouple 
with pig-iron and timber waggons, with no ends above 
trains. Will allow the tarpaulin to be fastened round 
buffers and ends of waggons without interfering with 
coupling apparatus. Will couple and uncouple on the 
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sharpest curves and with twisted drawbar hooks. Will 
couple and uncouple though the buffers be driven home 
and the drawbar hooks be only 2 inches apart. The 
inventor claims that it will couple and uncouple in the 
dark as well as in daylight. The apparatus will fit 
chains with or without shackles, and will couple with 
stiff shackles ; also suits any length of chain or long 
or short links. The apparatus remains intact though 
the coupling chain should break. 

Darling's Automatic Eailway Coupling, Glasgov^. 

1st prize, automatic, £100 (Fig. 33). 

The coupling is simpU in construction, and combines 
with its simplicity all the requirements of an automatic 
coupling. One sees little that makes it different from 
an ordinary link coupling, while the link hanging 
loose on the opposing end proves that while flexibility 
is combined with necessary rigidity no new element of 
danger from projecting and absolutely rigid parts is 
introduced. The hook (which is practically the present 
drawbar hook modified to suit the needs of automatic 
action) is capable of assuming three or more different 
positions, and by a very simple arrangement automati- 
cally locks itself while in any of these positions. The 
coupling is by this means made to be perfectly reliable 
in the performance of the requirements of each position. 
In one position the links are horizontal, and the for- 
ward link sliding up the tail-piece of the opposing hook 
strikes a hood on the drawbar, and falls into the hook 
as if laid in by hand. The coupling has thus taken 
place automatically. This action of coupling has also 
relieved the back link from the support which renders 
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both links Bufficiently rigid for coupling purposes. 
When it is desired to raise the links rigidly, the hook 
is yet further turned, when they are caught and held 
rigidly till put in the position for coupling ; they are 
then coupled and rendered again flexible, ae before 
described. According to the projection or recession of 




Fig. 33.— Dwling'B Coupling Co., Glasgow (lat prize, automatic), 
the links, less or more tension can be had as desired, 
and the inside of the hook, being a radius of the centre 
on which it is turned, makes the uncoupling with ease 
a thing of course, and, in addition, has the adyantage, 
when mixed with present stock, and the ordinary chain 
coupled on the hook of this coupling, the vehicles so 
coupled can be uncoupled from the outside ; this in a 
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train of ten vehicles, five of which are fitted as at 
present, and five with this coupling, the whole can be 
uncoupled from the outside. The whole coupling 
has been called a mulfum in parvo and the advantages 
may be suiomarised as follow: — It couples two or 
more carria6:es instantaneously, as £ir as the bufiers 
are compresfed. by the ordin Jy n.eans of running the 
carriages together; it uncouples instantaneously; it 
can be uncoupled when the train is in motion, or when 
the coupling is in tension, if desired ; it can be un- 
coupled, or put in position for coupling, from either 
side or end of carriage, or from inside or outside of 
van ; it is locked in position when coupled, and locked 
out of position when uncoupled ; the driver can in- 
stantly uncouple his train or load ; it is said to efiect a 
great saving in time, and insures perfect immunity 
from danger during shunting operations, on account of 
coupling and uncoupling being performed without the 
necessity of any person going between the vehicles. It 
is believed that its cost will exceed but little the in- 
ejBScient and dangerous coupling at present used ; un- 
coupling and putting in position for coupling are of 
course done from either side or end of waggon or 
vehicle, and can be easily done with one hand. 

The Coupling of Latham Brothers, Sheffield. 

2nd prize, automatic, £50 (Fig. 34). 

When two carriages, fitted with this coupling, are 
forced together, the higher link rides up the other, 
and a slight pressure on the buffers allows the link to 
drop automatically over the hook. The bufler springs 
then reassert themselves, thus making a perfect self- 
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coupling for carriages, with all the necessary tighten- 
ing, &o., and entirely dispensing with manual assis- 
tance. For trucks the coupling is the same as for 
carriages (minus tightening apparatus), but longer in 
the link, to allow plenty of play when coupled, for 
curres, &c. For uncoupling, a pin passing through 




Fig. 34. — Messrs. Latham Brothers, Sheffield (2nd prize, automatic). 

the drawbar and loose hook is easily withdrawn by 
raising the lever to which it is attached, allowing the 
hook to revolve on the shackle-pin, thus freeing the 
link. The instant the link is free, everything falls 
automatically into its place, ready for coupling again. 
As will be seen, this supplies a long-felt want, viz. a 
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perfect slip hook, invaluable for shunting of every de- 
scription, as it can be uncoupled in any position. For 
fly shunting, where vehicles are required to be together 
without being coupled, the automatic link can be 
thrown back, or by hooking the side lever up, which 
withdraws the lock-pin. 




Fig. 35. — Compagnie des Appareils Automatiques, Paris (3rd prize, 

automatic). 



The Coupling of the Compagnie des Appareils 

Automatiques, Paris (Fig. 35). 

8rd prize, automatic, £25. 

It is said this automatic coupling is not the first idea 
of an inventor, but the result of five years' continual 
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Study and experiment. The inventor claims this 
coupling fulfils the following conditions: — It is possible 
to couple two or more waggons instantaneously on 
coming in contact with each other, and without the 
assistance of the shunters. It is not possible for wag- 
gons to couple on coming in contact with each other 
miless required to do so. It is not possible to un- 
couple accidentally. The operation of uncoupling is 
performed with quickness and ease on either side of 
the waggon. It is possible to couple easily with a 
waggon fitted with the ordinary drawbar, hook, and 
links. It couples or uncouples, if required, on curves. 
The links or shackles are flexible, and admit of wag- 
gons running together without the possibility of 
uncoupling. The flexibility of the present link is 
provided for, to prevent accidents or injury to the 
apparatus, or otherwise from rigid projections or parts. 
There are no projections whatever liable to cause 
accident or injury to shunters. The apparatus, as a 
whole, is strong, durable, and reliable ; it has been 
tested at a strain of 50 tons, whereas the ordinary 
hook and chain are usually tested at 30 tons. The 
operation of putting the apparatus in position to couple, 
as also the operation of uncoupling, is possible with 
one hand. It can couple with a difference of 8 inches 
in height between the buffers. This coupling can be 
adapted to any existing waggons without requiring 
any alteration whatever in the rolling-stock. 



CHAPTER VII. 

RAILWAY SERVANTS AND THE LAW. 

The safe or dangerous way in which a railway is 
worked not only affects the lives and limbs of the 
railway servants, but it has another very serious 
aspect — namely, the law of manslaughter, and the 
very uncertain manner in which that law is adminis- 
tered. 

Accidents constantly occur through the defective 
system of working adopted by the companies; but, 
unfortunately, whatever the system, when an accident 
causes the death of a person, the railway servants are 
liable to a charge of manslaughter ; and the most 
important work which the Amalgamated Society per- 
forms is the legal defence of its members against the 
improper or unjust administration of the law in such 
cases. 

There can be no question that the duties which 
railway servants have to perform are of such a nature 
that a momentary error may cause a serious accident, 
and it cannot therefore be too strongly urged upon 
them to take every care to provide for the safety of the 
traffic so far as lies in their power. 

For many years it was quite usual to commit 
railway servants to prison unjustly, and it must be a 
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source of the greatest regret to every honest person ta 
know that in very many instances the unfortunate 
men actually served long terms of imprisonment simply 
because juries did not understand the practical working 
of railways ; they appeared to consider that as some 
person had been killed by an accident that it was part 
of their duty to see that some railway servant was 
blamed, or punished for manslaughter. This was a 
very easy and quick way of concluding an inquest or 
trial, but it was neither according to law nor justice, 
and certainly must not be permitted in the present 
day. 

In Scotland, sheriffs and other authorities appear 
still to be of the old opinion that the best way to 
prevent railway accidents is to punish the servants ; 
but it is perfectly well known that the only true 
policy for the prevention of what are called "acci- 
dents '* is to adopt a proper system of working and 
the use of efficient brakes and other appliances to 
insure safety. 

It has always been the custom whenever an accident 
happens for the companies to at once try to place all 
the blame upon some servant, in order that he may be 
punished, and that the responsible officers who are 
really to blame for neglecting to provide proper 
appliances may escape scot free. This very unjust 
practice has been most strongly condemned by both 
public opinion and the press. Fortunately, cases of 
unjust imprisonment have now been reduced to a 
minimum, and this happy result is mainly due to the 
persistent efforts of the Amalgamated Society of 
Eailway Servants. 

This one fact shows more clearly than words the 
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necessity which exists for a legal defence fund, and 
also the very great advantages which have accrued to 
members from the efficient way in which this fund has 
been employed to provide legal defence and obtain 
justice in such cases. 

On the Slst August, 1878, a collision took place at 
Sittingboume, on the London, Chatham, and Dover 
Railway, in consequence of part of a goods train 
being turned across the path of a passenger train by 
the mistake of a guard. The points were not inter- 
locked nor worked from a signal-box, nor was the 
passenger train fitted with continuous brakes. Both 
the goods guards were tried for manslaughter, but 
were found " Not Guilty." 

A serious collision occurred at Burscough Junction, 
on 15th January, 1880, in consequence of a signalman 
mistaking the position of a lever in his box. He was 
tried for manslaughter. The law was clearly laid 
down in this case, and is here quoted for further use 
upon any future occasion. Lord Coleridge explained 
the law of manslaughter, and stated that ''the 
collision was the result of an innocent mistake, not 
through a criminal act which merited imprisonment ; " 
and the signalman was acquitted. 

The Butherglen accident is one to which special 
attention should be directed. On the 24th January, 
1880, an express train came into collision with another 
train standing at Butherglen Station upon the Caledo- 
nian Eailway, chiefly in consequence of the Clark and 
Webb chain brake failing to act when required. Although 
no person was killed, the driver, William McCulloch 
(who had for thirty-three years held an unimpeachable 
character of carefulness, attention to duty, and sobriety), 
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was tried before Mr. Sheriff Lees, at Glasgow, on a 
charge of " Neglect of duty.*' 

The sherifE placed yery great stress npon the fact 
that the train was "fitted with a brake which was 
happily characterised as an emergency brake/' but he 
entirely omitted to take into his consideration that just 
upon the emergency the chain brake failed to act when 
the driver, in the performance of his duty, tried to 
apply it. At the conclusion of the case Mr. Sheriff 
Lees addressed the driver thus : — " I feel sure I should 
be utterly wanting in my duty as guarding the 
safety of the public, if I treated the offence of which 
you have been guilty, wilfully, on this occasion, as one 
that can be fitly punished by the imposition of any 
pecimiary fine, or any sentence of imprisonment short 
of one which will deter others from committing the 
offence in all times coming. I consider I am treating 
you with as great leniency as possible when I make 
your sentence one of four months' imprisonment." 

Such a gross miscarriage of justice could not be per- 
mitted to pass unchallenged ; the author, therefore, 
brought the facts under the notice of the Home Secre- 
tary, and a question was afterwards asked in the House 
of Commons by Mr. Stewart Macliver, M.P., president 
of the A.S.R.S. The following letter was forwarded to 
the author, copies of which appeared in the engineering 
papers at the time : — 

[Copy.'] 
93,498 Whitehall, 

7 26th May, 1880. 

Sir, — The Secretary of State for the Home Depart- 
ment having considered your application in behalf of 
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William McCullocli, I have the satisfaction to acquaint 
you that he has felt warranted under all the circum- 
stances in advising her Majesty to commute this pri- 
soner's sentence of four months' imprisonment to one 
of two months' imprisonment. 

I am, sir, your obedient servant, 

(Signed) A. F. 0. Liddell. 

Mr. 0. E. Stretton, 

Saxe-Coburg Street, Leicester. 

The advocates of the chain brake did their utmost to 
prevent the release of the driver, and one of them even 
went so far as to say " he would sooner see a driver in 
prison for ever than damage the reputation of this 
brake." 

The Engineer y commenting upon this case, remarked 
that ''the least that could be expected was that the 
Caledonian Bail way Company would replace the driver 
when he was released from his unjust imprisonment." 
But the author received official information that this 
was not the course intended ; he therefore communi- 
cated with the chairman of the company, from whom 
the following reply was received : — 

[.Copy.'] 

Caledonian Eailway Company, 
Secretary's Office, 

Glasgow, 8th June, 1880. 

Sir, — I have received your letter of yesterday's date, 
and beg leave to reply that although, when McCuUoch 
is released, we shall not be justified in reinstating him 
as an engine-driver, we shall be prepared to consider 
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fayonrably any application he may make to us for other 
employment. — I am, sir, yours faithfiilly, 

Thos. Hill. 
Clement E. Stretton, Esq., 
Saxe-Ooburg Street, Leicester. 

It was satisfactory to find from this letter that the 
object of those who would have utterly ruined this 
most unfortunate man had been defeated, but so long 
as the " other employment " referred to was to be at a 
lower rate of wages than that of an express driver, it 
could not be considered that '' justice" had been done. 
Ultimately, however, after very considerable corre- 
spondence, this unfortunate servant was reinstated as 
an engine-driver. 

Since this accident the chain brake has, by its fre- 
quent dangerous failures, '^ damaged its own reputa- 
tion " to such an extent that the Caledonian Railway 
Company has adopted a safe system complying with 
the conditions of the Board of Trade, and even the 
London and North- Western Company has discarded it, 
thus showing still more clearly the great injustice of 
McCulloch's sentence. 

On the 8th September, 1880, a collision occurred at 
Penilee, on the Glasgow and Paisley Joint Railway, in 
consequence of the mistake of a signalman, but Major 
Marindin's report proved that if electrically interlocked 
signals had been in use the accident could not have been 
brought about by the mistake of this signalman ; how- 
ever, he was committed to take his trial upon the charge 
of culpable homicide, but was found '* Not Guilty." 

In the Prestbury case, which took place on the 
London and North- Western Railway, 3rd November, 
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1880, an engine-driver was committed for man- 
slaughter, but the cause of the collision was that the 
distant signal failed to go " on " when required, and 
that the engine had no brake on its wheels. When 
the case came before the grand jury at Chester Assizes 
there was not even evidence enough upon which to find a 
" true bill,*' and the driver was consequently acquitted, 
without being put to the further trouble and expense 
of a trial. 

A collision between two passenger trains took place 
at the Midland Station, Leeds, 21st December, 1880. 
It was due partly to the peculiar construction of the 
station, to the use of hand signals, and the mistakes of 
servants. The signalman and two shunters were com- 
mitted for manslaughter. These men were not mem- 
bers of the Amalgamated Society, and had, of course, 
no private means for legal defence. A public subscrip- 
tion was raised for this purpose. The author was pro- 
fessionally engaged, both on behalf of the friends of 
the railway servants and the friends of the deceased 
persons killed in the collision. 

At the Leeds Assizes (February, 1881) Mr. Justice 
Manisty pointed out that "there are very difierent 
degrees of negligence. An error of judgment, a simple 
mistake, or an accident is not sufficient to sustain an 
indictment of manslaughter. Before such a verdict 
can be returned, it is necessary that the negligence 
shall be of that serious character known as gross, cul- 
pable, or criminal negligence," and he considered the 
case against the prisoners as far too remote, and they 
were acquitted. In the Desford Junction case (22nd 
October, 1881) it was clearly shown that the verdict 
of the coroner's jury contained in a rider such severe 
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censure upon the company that, as the Engineer re- 
markedy '' it closely resembled a yerdict of manslaughter 
against the responsible officers/' The signalman omitted 
to place the points in the proper position, but such 
facing-points leading from a passenger line into a siding 
should never have been allowed to exist ; they have since 
been removed. Instructions for the working of traffic 
" when the signal and interlocking arrangements are 
defective'* have been issued, and the passenger trains 
have since been worked with continuous brakes. 

At Tayport a collision occurred on 25th November, 
1881. The signalman was arrested and kept in Cupar 
PriBon for a week, and the guard for a few days, 
although bail to any required amount was forthcoming ; 
howeyer, when the Procurator-Fiscal found that the 
matter was receiving great attention in the engineering 
papers, and that a question was about to be asked in 
the House of Commons, he granted bail. At the trial it 
came out that the signalman was over sixty years of 
age, that he had been in the service and borne an 
excellent character for more than thirty years, and that 
he was kept on duty daily for from 15^ to 16 hours ; at 
the end of one of these long days he made a mistake 
and caused a fatal collision. 

Major Marindin stated in his report that "it is 
hardly too much to say that it is a scandal that such 
an amount of work as is implied by these hours should 
be exacted from any man upon whose vigilance depends 
the safety of the public." 

During a severe snow-storm a collision took place at 
Mennock Sidings, on the Glasgow and South- Western 
Railway, 7th December, 1882. An express train was 
stopped by signals at Sanquhar, but the two drivers 
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started from that station on receiving verbal instruc- 
tions from a man (afterwards found to be a clerk sent 
by the station-master), and a collision with a goods train 
followed. Both drivers and the station-master were com- 
mitted for *' Culpable Homicide." At the trial the charge 
against the drivers was abandoned^ and the jury foimd 
the station-master " Not Guilty." 

On the 11th December, 1882, a collision took place 
at Dinting, during a storm which had blown down the 
telegraph wires and destroyed the block system. The 
signalman was committed for manslaughter on the 
coroner's warrant, but was not taken before a magis- 
trate. At the trial the judge asked, "What were the 
printed instructions of the prisoner P " As they could 
not be produced in court, he held that " it could not be 
proved that the prisoner had violated any of the com- 
pany's rules ; as it could not be proved what his duties 
were, how could it be said that he had not acted up to 
them ?" A formal verdict of " Not Guilty " was at once 
returned, and it was then shown that if any one was 
to blame it was a person totally different from the 
signalman. His lordship said, looking at that fact, and 
also that an irregular course had been adopted in not 
taking the case before a magistrate, he should disallow 
the costs of the prosecution. 

In the Blackwell case, on the Midland Railway, 
19th January, 1883, a signalman had his attention 
suddenly called to the telegraph instrument, and forgot 
for a moment that a "light engine "was standing 
near his box ; a clerk authorised to be in the signal- 
box was stated to have given the signal for another 
train to approach. The signalman was tried for man- 
slaughter, but acquitted. 
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A serious collision between two passenger trains took 
place at Eglinton Street, Glasgow, on the Caledonian 
Railway, March 19th, 1883. The cause of the accident 
was that the driver of one train started and ran past 
a signal at danger. He had only been in the com- 
pany's service two months, having entered at the time 
of the strike. He stated that "in momentary forget- 
fulness he overlooked the signal." He was committed 
for trial on a charge of " Culpable Homicide,'' and 
admitted to bail. At the trial, however, he did not 
appear, and was accordingly outlawed. This driver 
thought he knew the road and signals, but the facts 
show that he did not; this was an eiTor of judgment, 
not a criminal act. 

Another case which requires attention is the disaster 
which occurred on the Caledonian Railway at Locker- 
bie, 14th May, 1883. A branch passenger train 
ran past the signals, came into collision with a goods 
train, knocking at least one waggon foul of the up 
main line, upon which the up west coast mail was ap- 
proaching at full speed. The driver and fireman of the 
leading engine of the mail and five passengers were 
killed, a very large number being injured. The Cale- 
donian Railway Company had erected a signal on the 
branch after the arrangements had been inspected and 
approved by the Board of Trade ; and Major Marindin's 
report stated that this " was a grave error of judgment 
on the part of the company." The station-master intro- 
duced a dangerous system of working trains to the 
wrong platform on the wrong line, which thus com- 
pelled drivers to pass danger signals when they received 
hand signals. The traffic inspector actually knew of 
this dangerous working, but took no steps to put a stop 
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to it. The branch train was not fitted with continuous 
brakes, or the driver could easily have stopped and 
avoided the first collision, and of course the disaster 
which resulted ; and if the up mail train had been pro- 
vided with a proper brake it could have been stopped from 
a speed of 50 miles an hour in much less than 360 yards. 
The Scotch authorities did not appear to have taken all 
these points into their consideration, but simply com- 
mitted the station-master and the branch driver for 
'' Culpable Homicide.^' The charge against the station- 
master was abandoned ; the driver was tried at Dumfries, 
but the jury returned a verdict of " Not Guilty." This 
result was satisfactory ; but still it appeared very hard 
that a driver should be arrested and subjected to all 
the trouble and expense of a trial for manslaughter, 
when from the very first it might have been clear to 
every one that there was no evidence to sustain such a 
serious charge. 

On the 28th July, 1883, an east coast train fr6m 
Edinburgh was standing at the ticket platform, Cale- 
donian Railway, Perth, when it was run into by a 
west coast express from Euston. This latter train was 
fitted with the Clark and Webb chain brake. This 
apparatus failed to act when required, and thus caused 
the collision, which resulted in the death of one person 
and injury to seven others. The engine-driver was 
arrested, and charged at the Perth Police Court with 
" Culpable Neglect of Duty." Two days' examination 
failed to produce any evidence in support of the charge ; 
but instead of the driver having the benefit of any 
doubt he was committed for trial to the sherifE. He 
was, however, ultimately found " Not Guilty." 

An up London and North- Western express train 
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came into collision at Watford on the 31 st October, 
ISSSy with some carriages left standing on the main 
line. The accident was dne to the forgetfulness of the 
signalman, but the practice of shunting carriages from 
one main line to another in order to clear another line 
was most objectionable and dangerous, unless means 
are adopted to make it mechanically impossible for such 
a mistake to be made. The signalman was arrested 
and charged before a magistrate with manslaughter. 
This charge, however, could not be proceeded with as 
the coroner's jury returned a verdict of " Accidental 
Death,'' and added to it a presentment, ''that the known 
good character which the signalman bore, and the 
length of time he had been in the service, lead them 
to the opinion that his aim was to do his duty faithfully, 
and they should be pleased to see him reinstated in the 
service of the company." 

A collision occurred at Bufford Station, on the 
Lancashire and Yorkshire Bailway, 2nd January, 1884. 
This station was not provided with the necessary 
refuge siding, and in consequence it was the usual 
practice to shunt goods trains across from one main 
line to the other in order to allow passenger trains to 
pass; and on this occasion a goods train, which had 
been crossed over, was run into by another goods 
train, which could not be stopped in time. General 
Hutchinson pointed out in his report that the collision 
would not have occurred if there had been the neces- 
sary siding, and it would also have been prevented had 
the block system been in force as regards goods trains. 
He pointed out that if the goods traffic on the line was 
too thick to edlow of the block system being carried out 
as regards goods trains, it would at any rate seem 
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desirabld and practicable that the driver of a goods 
train should be informed at the previous station 
whether or not the line is clear. The collision caused 
the death of a goods guard, and the engine-driver, a 
member of the Accrington Branch of the A.S.E.S.> was 
committed for manslaughter, but at the Lancaster 
Assizes a verdict of " Not Guilty/' was returned. 

On the 7th June, 1884, a serious collision occurred 
at Sevenoaks, on the South-Eastem Railway, between 
two goods trains, by which an engine-driver and fire- 
man lost their lives. The accident was due to a mis- 
take in working the block system. The signalmen at 
each end of the section were both men bearing excellent 
characters, and both gave their evidence in a straight- 
forward manner. The signalman at Hildenborough 
appears to have made the principal error, and on that 
account the jury returned a verdict of " Manslaughter'* 
against him, but at the Assizes he was found ^'Not 
Guilty." Major Marindin, in his report upon this case, 
stated '' it was more than probable that this accident 
would never have taken place if there had been a 
separate and distinct plunger for giving bell signals 
according to the code," and he pointed out that the 
effective interlocking of the block instruments with the 
out-of-door signals effectually prevents collisions of this 
description arising from a signalman's mistake. 

On the 7th July, 1884, an accident took place at Wilm- 
slow, on the London and North-Western Railway, near 
Manchester. The circumstances appear to have been 
very similar to those attending an accident which 
occurred at Prestbury, November, 1880. It is the 
usual practice at Longsight to run express engines for 
a trial trip after repairs, the foreman fitter riding upon 
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them to watch the workings and on the occasion in 
question engine No. 1,513 was being tested without a 
train at a speed of 60 miles an hour. The Handforth 
signals were " off," but the Wilmslow signals " on." 
The driver attempted to apply the "Webb steam 
brake/' but it failed to act. A collision followed, and 
the foreman fitter was killed. At the inquest Mr. 
Whale, the company's assistant locomotive superin- 
tendent, stated that 60 miles an hour was an improper 
speedy and that even when the brake had failed, if the 
driver had reversed his engine he could have stopped 
from 60 miles an hour in 300 to 350 yards. This latter 
statement was perfectly untrue, but upon Mr. Whale's 
assertions the jury returned a verdict of " Man- 
slaughter" against the engine-driver. When, however, 
the jury afterwards found that they had been misled, 
no persons were more sorry than themselves that they 
should have returned a wrong verdict ; and one juryman 
felt so strongly upon the point that he came to 
Leicester to ask the author to do his utmost to obtain 
justice at the trial, and to prevent the driver's com- 
mittal before the magistrates. When the case came 
before the magistrates at Macclesfield they did not even 
require an answer to the charge, but dismissed it with 
the remark, " There is no case at all ; not the slightest ; " 
and at the Chester Assizes the author had the pleasure 
of being in court when the grand jury ignored the bill, 
and in accordance with the directions of the learned j udge 
the jury at once returned a formal verdict of "Not 
Guilty," and the driver was set at liberty. In face of 
such facts as these it would have been but simple justice 
for the company to have reinstated this unfortunate 
driver in his former position, but instead of that he was 
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disoliarged from the service^ afiker eleven years' work 
without a fault« The reputation of the steam brake 
could not under any circumstances be allowed to be 
damaged, so the driver was sacrificed to it. 

On the 2nd April, 1885, a collision occurred be- 
tween Boby and Edgehill, on the London and North- 
Western Railway. A goods train was stopped for some 
time at the Roby signal-box, waiting for the previous 
train to be signalled ''clear," and by some error a 
''light engine" following, ran into the rear of the goods 
train, and the guard was shaken. Nothing further was 
heard of the matter till the 12th October, when the 
guard died ; an inquest was held at Warrington, and a 
verdict of " Manslaughter" returned against the signal- 
man and driver of the light engine. When the 
charge was investigated at the Prescot Petty Sessions, 
the medical evidence proved that the deceased died 
from consumption and pleurisy rather than from the 
effects of the railway collision. Why this fact was not 
discovered by the coroner's jury before the verdict of 
" Manslaughter " was returned is a question which was 
never explained, but it is clear that an injustice was 
done to the signalman and driver. 

On the 13th May, 1885, two gangers were thrown 
from a ballast train and killed at Inchicore, Dublin, and 
a verdict of " Manslaughter " was returned against the 
engine-driver, it being alleged that the engine was 
started without the whistle being sounded. At the 
trial the evidence was insufficient to support the 
charge, and a verdict of " Not Guilty" was returned. 

A serious collision occurred at Binegar Station, upon 
the Somerset and Dorset Joint Railway, upon the Slat 
July, 1885. In consequence of the interlocking gear 

L 
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having been removed, and no man appointed to watch 
the facing-points, as required by Rule 149a, a passenger 
train was wrongly turned into a loop line, and came 
into collision with a goods train, and a passenger was 
killed. The true cause of the accident was that the 
company's rules were not carried out by the officials, 
as follows : — 

"Rule 149a. When the interlocking of any lever 
frame, or any facing-point, bolt, or bar is out of order, 
or when any point or signal lever, or any home, start- 
ing, or advanced starting signal, or siding signal applic- 
able to a siding not protected by safety points, is 
defective, and not working properly, one competent 
man, or more, as may be necessary, provided with hand 
signals and detonators, must be appointed to act under 
the instructions of the signalman in charge of the signal- 
box, and the distant signals applicable to the lines 
affected must be kept at danger by being disconnected 
from the levers by which they are worked, and must 
remain in that position until the defect has been made 
good, and all is again in working order. 

"When the interlocking of a signal-box, or any 
facing-point, bolt, or bar is being altered or repaired, 
the fitter in charge of the work must give to the signal- 
man in charge of such signal-box an exact statement 
of the signals and points which it will be necessary to 
work temporarily without the safeguard of the inter- 
locking, or the facing-point, bolt, or bar.** 

At the inquest this rule was not produced, and in 
reply to a question as to " whether it was not necessary 
to take extra precautions by placing a man at the 
points,'* the superintendent of the line, stated on oath 
that " it was not." Upon that false evidence the sig- 
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nalman was oommitted for manslaughter. This man 
was not a member of the Amalgamated Society of Bail- 
way Servants. The Leicester Branch, however, having 
heard the author's report upon the case, requested him 
to take up the matter, and obtain justice. Upon further 
examination of the facts and distances, the author found 
that the passenger train was not provided with proper 
brake power. If it had had a proper continuous brake 
it could have been stopped from a speed of 27 miles 
an hour in less than the available distance of 160 
yards, and the collision would thereby have been 
avoided. The prisoner was also unjustly treated by 
the police authorities, who would not charge him in the 
usual course before the magistrates, thus preventiag the 
author from producing the evidence as to facts. At the 
Bristol Assizes, the judge, Baron Pollock, in charging 
the grand jury, referred at length to the case. . He 
said : — " The next case of manslaughter was against 
William Applebee, a railway servant on the Somerset 
and Dorset line, at Binegar Station. There were cir- 
cumstances connected with this case on which he felt 
boimd to make some remarks. Not until that morning 
did he receive the depositions in the case ; they were 
lengthy, involving very peculiar facts — so peculiar, 
that unless a person was well versed in railway manage- 
ment it would be extremely difficult in such a short 
time to master the facts at all. He could not under- 
stand why the persons whose duty it was to lay the 
circumstances of such serious cases before the judge and 
jury had not in common decency sent the depositions 
long ago, so as to be put before him in proper form. 
That was not the only matter he had to complain of. 
These events took place so far back as August, when the 
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prisoner was apprehended on a warrant for manslaugh- 
ter, issued hy the coroner after the finding of his jury. 
It was thoroughly known to all the criminal authori- 
ties of this country, and had been laid down again and 
again by judges, that whenever a man was to be put on 
his trial it was the duty of those who did so to have 
him committed by a magistrate, before whom the evi- 
dence was taken, and who had far better means of 
inquiring into the case than a coroner's jury. That 
had been the long-established and universal rule. The 
course now adopted of sending a man for trial on the 
evidence taken before a jury led to this: In legal 
strictness a verdict of a coroner's jury was equivalent 
to the finding of a grand jury. Manifestly there was 
great inconvenience in sending a man to take his trial 
on that finding, because the judge and jury had not 
the means which they ought to have of seeing the case 
investigated before the magistrates, who would express 
their opinion by committing or discharging the accused, 
as they thought fit. In modern times they allowed 
the bill to go before a grand jury and take their opinion, 
and he would abide by that rule, and ask the grand 
jury to receive the evidence as if the man had been, 
properly committed by a magistrate. Beyond doubt 
the poor woman, Annie Charles, lost her life by a col- 
lision which took place at Binegar Station in conse- 
quence of a train being sent, as it came through the 
station, on to the wrong rails — the down instead of the 
up line. The mechanical cause of the train being so 
sent was the points being wrongly placed, by reason of 
the prisoner, one of the pointsmen in the signal-box, 
moving bar No. 11 instead of No. 12. If that were an 
ordinary case the prisoner would stand almost without 
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defence, and the degree of negligence would be for the 
jury. On the present occasion, however, it seemed 
that some alterations were being made in the locking 
process and the signal arrangements of the station, to a 
certain extent under the supervision of the officers of 
the Board of Trade. Everything was done correctly 
and in order, but at the very time in question when 
prisoner moved the wrong bar a great portion of this 
machinery had been disconnected. No doubt if the 
prisoner had been properly instructed, and was aware 
of the exact condition of things as they existed, he 
could and ought, by using the proper handle, to have 
avoided this accident. But then came the important 
question of negligence, and they would require strict 
proof that there had been real criminal negligence. It 
was very important for all the public travelling by 
railway that the rules should be properly observed, and 
it was also important that men in the prisoner's posi- 
tion should not be unjustly punished for criminal 
negligence. He found that the person having the 
direction and carrying out of theae alterations was not 
able to say distinctly that he called the prisoner's 
attention to what was going on. That person was in a 
superior position, and would understand the nature of 
the mechanism, and the result of the changes going on. 
It did not follow that the prisoner was guilty of 
negligence. The grand jury would have the evidence 
before them, and in relief of their mental labours he 
advised them to confine their attention mainly to what 
passed in the signal-box, so as to come to a fair con- 
clusion about the extent of negligence, if any, of which 
the prisoner was guilty." 

The grand jury ignored the bill, and desired to 



150 SAFE RAILWAY WORKING, 

express a strong opinion that there was great neglect 
on the part of the officials of the railway company in 
not giving prisoner the necessary notice, as required by 
the rules of the company, before the alterations com- 
menced. 

The prosecution then decided to offer no evidence on 
the coroner's inquisition, and the signalman was dis- 
charged. With reference to the way of conducting 
the case by the prosecution, his lordship informed their 
counsel " that it was not the proper mode of adminis- 
tering the criminal law of this country. In such a 
serious case that course was obviously unsatisfactory." 

From the whole facts of the case' it was from the first 
perfectly clear that a great injustice had been done to 
a railway servant, and it is to be hoped the remarks 
of the judge may lead coroners, juries, and police 
authorities to be far more careful in future^ 

A collision occurred at Coatbridge, on the North 
British Railway, on the 6th August, 1885. From the 
Board of Trade report it appeared that the fireman 
neglected to connect the continuous brake ; the driver 
did not take the trouble to examine it ; the guard did 
not keep a look-out, or he could have applied the brake 
from his van and stopped the train. 

These three men were committed for trial on a 
charge of " Culpable Neglect of Duty," and the case 
came before Sheriff Mair and a jury at Airdrie Court. 
The driver and fireman were found " Guilty," judgment 
being that they should be " fined £10 each, or two 
months' imprisonment." The author is very glad to be 
able to point out that this is a very exceptional case, 
being the first throughout this list of accidents in which 
servants were guilty of " culpable neglect." Fortu- 
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nately, no person was killed, or the sentence might 
have been a very heavy one. The author examined 
the facts, and would have been glad if any excuse of 
extenuating circumstances could have been found to 
exist. Of course, no one can support or encourage 
those who are guilty of culpable neglect. 

On the 4th November, 1886, a collision occurred 
at Bridge of Dun Station, upon the Caledonian Bail way. 
Major Marindin reported that there was a serious breach 
of rules by the signalman, and gross neglect of duty 
on the part of the driver, fireman, and guard. The 
signalman and driver were, on the 12th January, 1886, 
tried at Forfar, befbre the sheriff and a jury, upon a 
charge of " Culpable Violation of Duty." The jury 
took a very lenient view of the case, and returned a 
verdict that the charge was " Not Proven.*' 

A serious collision occurred at Binegar, on the 
Somerset and Dorset Joint Railway, on the 3rd 
February, 1886. Two goods trains met upon the 
single line. 

Colonel Rich reported that " the greater portion 
of the Somerset and Dorset Railway consists of a single 
line of rails. It is worked, subject to an undertaking 
from the company, that only one engine in steam, or 
two or more engines coupled together, shall be allowed 
to be on any section of the single line at the same time ; 
but instead of the engines being confined to particular 
sections, they are run all over the railway, the cross- 
ing of the engines and trains being managed by a 
telegraph clerk at Bath, who is specially employed 
for that purpose. This mode of working is not safe.'* 
. . . He recommends "that the mode of working 
the single-line portion of the Somerset and Dorset 
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Hallway should be altered to the train staff or tablet 
system." 

The signalman was tried for manslaughter at Taunton 
Assizes, and sentenced by Mr. Justice Day to six 
months' hard labour. The Government Inspector 
clearly showed in his report that the system of working 
was very dangerous, and, in fact, was the true cause of 
the accident, and that the signalman was but the 
human being who fell or was led into the trap. 

The sentence is so severe and the injustice so great, 
that the author felt justified in placing the facts before 
the Home Secretary, and he has the following reply : — 

[Copi/,'] 

X 10447. Whitehall, June 3rd, 1886. 

Sir, — I am directed by the Secretary of State for 

the Home Department to acknowledge the receipt of 

your application in behalf of John Cox; and I am. 

to acquaint you that the same will be fully considered. 

I am, sir, your obedient servant, 

Godfrey Lushington. 
C. E. Stretton, Esq., 

40, Saxe-Coburg Street, Leicester. 



Overwork. 

Overwork on railways is highly dangerous, both to 
the men and to the passengers. Ten hours a day of 
railway work, considering its importance, should be 
sufficient, and care should be taken that proper time 
for rest, say eight or nine hours, is allowed between 
each term of duty. Signalmen should not be called 
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upon to work more than eight hours at a stretch, and 
at very busy and large junctions, six hours is as much 
as should be required. It is not a question of how 
many hours a man can work, but of how many hours 
he can work traffic efficiently and safely ; and any 
railway servant who has been on duty fifteen, eighteen, 
or twenty-four hours is not and cannot be in a fit con- 
dition to devote that sole attention to his work which 
its importance so much demands. 



APPENDIX I. 

RAILWAY TRAFFIC RETURNS. 

The publication of the returns relating to railway- 
capital^ traffic, and working expenses, together with 
the statements of the chairmen at the half-yearly 
meetings, have once again directed special attention to 
the decline of first and second-class traffic, and the 
increase and wonderful development of the third class. 
It has been asserted by some writers that railways 
would have been gainers if the old system had been 
retained, and the third class left practically where it 
was ten or twelve years ago. Such arguments, and 
figures based upon them, are of little value, for railway 
companies, like individuals, must either progress with 
the times, or be left completely in the rear ; and most 
certainly the companies which do the greatest good to 
the greatest number by every endeavour to promote 
and increase third-class traffic will receive their full 
share of reward and profit. For many years railway 
companies conveyed only first and second class passen- 
gers by fast trains, third-class passengers having to 
travel by slow trains, running at very inconvenient 
times, and composed of very uncomfortable carriages. 
Third-class traffic was therefore practically discouraged, 
and it was hoped that the third-class passengers would 
thus be forced to ride in carriages of a superior class 
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at higher fares. In practice, however, it was found 
that, although a small proportion of persons were thus 
compelled to ride " second class," a very large propor- 
tion were forced to stay at home and not travel at alL 
The folly and absurdity of this mistaken policy was 
well known to Sir James (then Mr.) Allport, of the 
Midland Eailway, and upon April 1, 1872, that company 
conferred a very great boon upon the travelling public 
by attaching third-class carriages to all its trains at 
the parliamentary fare of one penny per mile. This 
change proved, in a very short time, that the third- 
class tra£Bc, which had been for years '' pushed on one 
side " and " discouraged," actually paid better than 
either the first or second classes, which had been 
specially accommodated and encouraged. The second- 
class tra£Bc, however, was found to gradually decrease 
until January 1, 1875, when the Midland Company very 
wisely abolished that class, and were thus enabled by 
this means to take off the empty second-class carriages, 
which had become simply an additional dead weight 
upon the trains. The last improvement introduced on 
the Midland came into force November 1, 1883, when 
first-class passengers were allowed to ride in the 
Pullman drawing-room and dining cars tvithout 
extra charge. The question has been asked, but 
not clearly answered, WTij/ the first class declines ? It 
must be remembered that at the time when first and 
second class flourished, third-class passengers were only 
conveyed in slow trains, therefore those who tra- 
velled in the higher classes not only paid for superior 
carriages, but for increased speed. Money thus laid out 
paid the passengers in the shape of time saved in travel- 
ling ; but in these days the third-class passenger, very 
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properly, performs his journey by the same trains (there 
are exceptions upon some lines) and arrives at his desti- 
nation as quickly as the higher classes. It will thus be 
seen that the first-class passenger does not now obtain 
any extra speed for his additional fare, and the ques- 
tion resolves itself simply into this : Will passengers 
pay two or three pence per mile to sit in a first-class 
carriage, when for one penny they can ride, perhaps, 
in the next compartment of the same vehicle P The 
decline of first-class traffic is the most conclusive answer 
that they will not, and there can be no doubt that either 
the first-class fares must very soon be lowered, or the 
empty first-class carriages now to be seen upon many lines 
must be taken off the trains, as they are fast becoming 
useless dead weight. The rapid decline of first-class 
traffic has for some time been referred to at half-yearly 
meetings, and a short time ago it will be remembered 
that Mr. Moon, at Euston, remarked, ** We find that 
gentlemen of the first position take third-class tickets. 
All he hoped was they would have sweeps or navvies 
riding with them." The returns show that the cheap 
class forms the mainstay of the receipts, and there can 
be no question that the only true policy is to encourage 
and increase the third-class traffic. During the year 
1884 the total capital shows an increase, the receipts a 
decrease, and 183 additional miles of line have to be 
worked, consequently a decline in dividend must be the 
result. The following tables give the summaries of 
the returns for the year 1884, and it will be noticed 
that even in the present depression of trade the 
third class shows an increase both in numbers and 
receipts. 

The total receipts per train mile were a little over 
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4s. ll|d. (59*56), and the working expenses 2s. 7|d. 
(31*59), showing a net profit of nearly 2s. 4d. (27*97) 
per mile. 



Mfleage. 
Kuml)6r of miles run by passenger trains 

goods and mineral trains . 
mixed trains . 



99 






143,144,694 

126,672,783 

2,986,743 



Total 272,803,220 



PuMiigor twtfflc - 
First-class passengers . 
Seoond-olass ,, 
Third-class „ 
Season tickets (766,691) . 
Excess luggage, mails, &c. 

Total. 



Number of journeys. 
. 34,582,539 
. 62,225,220 
. 598,144,101 



694,991,860 



BeoeiptB. 
£3,481,017 

3,105,008 
17,606,040 

1,763,491 

4,074,894 

£30,030,450 



Goods traffic. Weight in tons. 

Goods traffic 75,712,330 

Mineral 183,615,556 

Cattle, &c — 

Miscellaneous .... — 



Total. 



259,327,886 



Beoeipte. 

£20,879,968 

15,528,656 

1,237,780 

24,188 

£37,670,592 



MOes open. 
Miles of railway open 31st December, 1883 

opened during year 1884 



>> 



i> 



Total miles open 31st December, 1884 



18,681 
183 

18,864 



Number of locomotives . 
Number of passenger carriages 
Number of vaos, waggons, and all 

other vehicles (not induding private 

traders* waggons) 



Capital paid np and raiaed. 



14,827 = increase 358 
33,031 = increase 727 

479,695 = increase 21,338 



Ordinary 
Guaranteed 
Preferential 
Loans 
Debenture stock 

Total 



£298,983,446 

95,603,613 

205,809,234 

14,793,420 

186,274,654 

£801,464,367 = increase of £16,543,055 
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Receipts. 
From paflsenger traffic . 
From goods traffic . 
From miscellaneous traffic 

Total 



£30,030,450 

37,670,692 

2,821,601 



increase of £621,717 
decrease of 1,030,727 
decrease of 30,617 



£70,622,643 = decrease of £539,627 



Working expenses. 
Maintenance of way and works, &c 
Locomotive power . 
Rolling stock 
Traffic expenses 
General charges 
Bates and taxes 
GoYemment duty . 
Compensation for personal injuries 
Compensation, damage, and loss of 

goods 

L^^l and parliamentary expenses . 
St^mboat, canal, and harbour 

expenses 

Miscellaneous . . . . 
Traffic expenditure not classified . 

Total . . . . 



Total. 

£6,622,539 

9,465,793 

3,399,397 

11,279,062 

1,636,596 

1,937,691 

398,677 

183,657 

202,400 
323,990 

1,305,416 

461,798 

62,343 

£37,217,197* 



Cost of working per 
train mile in pence. 

6-82 

8*36 

300 

9-91 

1-44 

1-70 

0-36 

0-16 

0-18 
0-29 



0-41 



31-59 = 2s.7}d. 



Total receipts as above . . £70,622,643 = decrease of £639,627 
Total workmg expenses as above 37, 2 1 7, 1 97 = , , 161, 365 

Net profit therefore . . . 33,305,446= ,, 388,262 

Number of mUes run by passenger trains . . increase 4,967,754 

goods and mineral trains decrease 1,310,470 
mixed trains. . . increase 248,700 



if 






Total increase 3,906,984 



First-class passengers . 

Second-class 

Third-class 

Season tickets 

Excess luggage, mails, &c. 






Numbers. 

decrease 1,805,338 

3,831,564 

increase 16,910,625 

134,641 



>> 



Receipts. 

decrease £189,036 

„ 224,736 

increase 566,976 

70,900 

308,613 






Passengers, three classes, increase 11,273,723 in numbers. 

Goods, &c. . . . decrease 1,185,026 tons 
Mineral , . . „ 5,870,056 „ 



f} 



Total decrease 



7,065,082 



7i 



* Exclusive of £52,060 received by North London for working 
other lines, but included in above figures. 
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Attention should here be directed to a most important 
question, which must, at no very distant date, be practi- 
cally considered. The author refers to the increase of 
train miles and the decrease in receipts per mile. With 
a decline in business it is certain that competition be- 
comes much more seyere, but it is a mistake to run 
useless mileage with certain trains simply for the sake of 
nominal competition. During the year 1884 the pas- 
senger mileage was increased no less than 4,967,754 
miles. There is great reason to believe that a large por- 
tion of the extra working is due to the running of new 
trains, which do not pay half or even a quarter of the 
working expenses ; indeed, the author has figures and 
proofs that there are trains running which do not 
average six passengers, and, as a rule, are composed of 
six vehicles. Again, in consequence of the number of 
empty first and second-class compartments on trains, 
the total weight is needlessly increased, often causing 
the running of two engines. The author is of opinion 
that by reducing the number of useless empty trains, 
and the removal of empty carriages from other trains, 
working expenses can be very considerably reduced 
without curtailing the accommodation given to the 
travelling public, and he has for a considerable time 
advocated the introduction of third-class dining and 
sleeping carriages. There can be no question that 
the company granting such a boon to the cheap class 
will very soon increase its receipts. 



APPENDIX II. 

RAILWAY SIGNAL RETURNS. 

SiKCE this volume has been in type the returns 
have been published relating to '^ signals '' to the 31st 
December, 1885, and '^continuous brakes" to 30th 
June, 1886, and to bring the work up to date the 
following Appendix is added : — 

The Railway Signal Returns for 1885. 

The return relating to the railway signal arrange- 
ments and systems of working on December 31st, 1885, 
has recently been issued by the Board of Trade, the 
details being, as usual, given under two headings : (1) 
The interlocking and concentration of signal and point 
levers; (2) The systems upon which the lines are 
worked, relating to the block system, &c. 

The details are minute and voluminous, but the facts 
can be seen at a glance upon reference to the following 
tabulated statements. No. 1 shows that the levers 
require concentration in 4,993 cases, and interlocking 
in 4,770 instances ; also that no less than 2,875 pairs 
of safety points are requisite. From table No. 2 it will 
be seen that the total length of line open for passenger 
traffic was 18,069 miles, of which 14,185 miles were 
worked on the absolute block system. There are 346 
miles of single railway, upon which only one engine 
at one time, or two coupled together, are allowed ; thus 
leaving a balance of 3,538 miles which are still worked 
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upon inefficient principles, and require the introduction 
of the absolute block system. 

The following table gives the details relating to the 
block system and mileage of all the principal railways, 
and shows that considerable progress has been made — 



Cheshire lines 

Fumess 

Great Eastern 

Great Northern 

G.N. and G.E. Joint . . . 

Great Western 

Lancashire and Yorkshire 

London and N.W 

L. and N.W. and Gt. Western 

Joint 

London and S.W 

London, Brighton, and South 

Coast 

London, Chatham, and Dover. 
Manchester, Sheffield, and 

Lincolnshire 

Midland 

North-Eastern 

North Staflfordshire .... 

South-Eastem 

Somerset and Dorset Joint . 

TaffVale 

Caledonian 

Glasgow and S.W 

Great North of Scotland . . 

Highland 

North British 

G.N. of Ireland 

G.S. and Western .... 
Midland Great Western . . 



Total len^ of 

line opened for 

paiuenger traffic. 



Double. 



Miles. 
116 
72 
494 
670 
111 

1,064 
424 

1,376 

111 
541 

342 
167 

266 

993 

921 

160 

347 

13 

52 

427 

233 

23 

6 

401 

136 

206 

148 



Miles. 

34 

479 

lt9 

6 

1,029 

16 

303 

27 
207 

118 
10 

3 

273 

449 

18 

41 

78 

12 

291 

109 

275 

411 

469 

375 

301 

275 



Distance worked 

upon the absolute 

block aysiem. 



Single. I Double. Single 



Miles. 

96 

71 

494 

570 

111 

973 

424 

1,360 

111 
541 

342 
167 

218 
957 
914 
144 
347 

13 

6 

421 

225 

23 

6 

380 

3 

49 

70 



Miles. 

34 

221 

99 

6 

785 

9 

273 

21 
199 

118 
10 



212 
436 

18 

41 

78* 
1 
198 

67 
269* 
411* 
139 

14 

17 

35 



* The Somerset and Dorset, Highland, Great North of Scotland, 
and some minor railways work single lines hy " crossing orders," 
instead of the train staff, and at the present time a signalman is 
undergoing six months' hard labour in connection with that dangerous 
crossing system. 



APPENDIX III. 

THE CONTINUOUS BRAKES RETURN. 

Report by Mr. Clement E. Stretton, Consulting Engineer j 
to the General Secretary of the Amalgamated Society 
of Railway Servants. 

[Copy.] 

Leicester, 

October 28, 1886. 

Dear Sir, — In accordance with, the wish expressed 
in your letter of the 20th instant, I have carefully 
examined the Continuous Brakes return for the first 
half of the year 1886, which has, since the meeting of 
the Congress at Brighton, been issued by the Board 
of Trade. It again furnishes evidence (if any were 
required) that the companies are not taking the neces- 
sary steps to arrive at the use of a general system, and 
it is very unsatisfactory to find that a considerable 
amount of rolling stock has during the past half-year 
been fitted with inefficient non-automatic brakes which 
make no claim to fulfil the conditions laid down by the 
Board of Trade, thus practically placing that depart- 
ment of the Government at defiance. 

I have drawn up the following tabulated statement, 
showing at a glance the amount of stock fitted and 
unfitted on the 30th June, 1886 :— 
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Engines 

fitted with 

brakes. 


Engines 

fitted with 

apparatus 

for working 

the brakes. 


Carriages, 

&o., fitted 

with brakes. 


Carriages, 
&c., fitted 
with pipes 
or chains 
only. 


Total amount of stock-> 
returned as fitted 
with brakes which , 
appear to comply 
with conditions of 
Board of Trade ./ 

Total fitted with] 
brakes which do l- 
not comply . . 1 


2,604 
1,216 


1,376 
1,435 


22,230 
13,111 


4,623 
3,274 


Total fitted. . . . 

Not fitted with any 

continuous brake . 


1 6,631 43,238 
i 

849 8,552 


Total passenger roll- 
ing stock therefore . 


7,480 61,790 



From these figures it will be seen that out of a total 
of 7,480 engines and 51,790 carriages, &c., only 2,604 
engines and 22,230 vehicles have brakes which even 
" appear " to fulfil the Board of Trade conditions, and 
from a further examination of some of the brakes I am 
able to report that a large number of vehicles returned 
as efficient are not so in actual practice. This latter 
fact appears to be known to the Board of Trade, as on 
page 28 the return states in a footnote, '' These totals 
are the numbers of engines and carriages returned by 
the railway companies as fitted with continuous brakes. 
It will be observed, however, that some of the brakes so 
returned but very imperfectly fulfil that designation.'* 

A careful examination of the return shows that it is 
so full of incorrect statements that for all practical 
purposes of comparison it is absolutely useless. For 
instance, the North London Company reports that the 
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Clark and Webb chain brake fulfils the necessary con- 
ditions, whereas the London and North- Western makes 
no such claim. 

The Midland and Great Western Companies include 
a large amount of rolling stock as fulfilling the con- 
ditions, which is fitted with the dangerous "leak-off" 
or two-minute vacuum brake. It is hardly necessary 
to here report that this system is not efficient, as the 
numerous accidents which have been caused by it and 
the reports of the Board of Trade inspectors have clearly 
proved this fact. 

The Midland Company has fitted 175 passenger 
engines and tenders with what the return calls an 
automatic steam brake, working in conjunction with 
the vacuum brake on the train. I have examined and 
tested the appliance, and find that although it may do 
very well under ordinary circumstances, it is absolutely 
useless in case of disaster, as the moment the engine 
and tender part, the steam pipe is broken, and the so- 
called automatic steam brake fails to act ; therefore it 
does not fulfil the important condition of being efficient 
and self-acting in case of accident. 

The tabulated statement which will be found on 
page 3 of the return is incorrect and very misleading. 
The totals given include engines fitted with apparatus 
for working the brakes, and vehicles which have only 
through pipes, but no brake blocks. Such rolling stock 
does not fulfil any condition, as there can be no pos- 
sible brake power when an engine has simply the 
apparatus for working brakes on carriages and no 
blocks on its wheels ; neither can vehicles with pipes 
only be of any value in case of accident. I have now 
before me details of a recent case in which a train was 



166 SAFE RAILWAY WORKING. 

sent out with an engine with no blocks on its wheels, 
and eighteen Tehicles^ fourteen of which had through 
pipes only. Such a train would he returned to the 
Board of Trade as working a certain number of miles 
with a continuous brake ; but in fact it was almost in 
as bad a position, as regards stopping power, as a train 
without such a brake; and so long as horse-boxes, 
fish-trucks, and other vehicles are run in passenger 
trains it is essential to safety that they should be pro- 
vided with the continuous brake gear complete. If, 
therefore, the inefficient systems, and the engines with 
apparatus, and vehicles with pipes, be deducted from 
the brakes which *' appear " to comply with the con- 
ditions, the unsatisfactory aspect of the brake question 
will be very clearly seen. The policy of the London 
and North-Western Company in removing the Clark 
and "Webb chain brake, and substituting the simple 
vacuum, which does not comply with the conditions, is 
most unsatisfactory, as it is but a waste of a large 
amount of shareholders' money, for without doubt this 
vacuum brake will at some future time either have to 
be entirely removed or altered to an automatic system 
at a further cost. The Manchester, Sheffield, and Lin- 
colnshire Company's return shows that it is continuing 
the use of the same Smith's vacuum brake which led to 
the death of twenty-four persons and injury to sixty- 
two at Penistone two years ago. Another accident 
occurred at Penistone on Ist September last, when part 
of an express train ran back, coming into collision with 
a waggon standing in a siding near the buffer stops, 
thus causing injury to twenty-four persons ; and from 
my examination of the place and the facts, I have no 
doubt whatever that if the train had been fitted with 
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an automatic brake the accident would not have taken 
place. For some time past it has been well known to the 
Amalgamated Society that certain companies will never 
settle or attempt to settle the brake question until com- 
pelled to do so. It is therefore to be hoped that Par- 
liament will deal with Mr. Channing's Bill at an early 
date next session. 

The returns relating to brake failures are, as upon 
previous occasions, very incorrect ; a large number of 
cases, of which the Society has details, are not reported 
at all, and others are either placed under the wrong 
headings, or are even charged to the wrong brakes. It 
is also important that the companies should be required 
to furnish the name of the place where the failure 
occurs, as without this information it is impossible to 
trace a case, or to know if it is or is not reported. The 
Metropolitan Company, for instance, gives twelve cases 
in which " a train overran the platform of a station^* 
through the failure of Smith's vacuum brake. The 
Great Eastern, and Glasgow and South-Western, also 
omit the names of stations. 

The Lancashire and Yorkshire Company report an 
actual failure to act on 25th February at Hindley 
simply as one of delay, whereas it is a case which 
ought to have been recorded under Class 2. The same 
company records ball- valves and vacuum apparatus out 
of order, as belonging to the Westinghouse brake. The 
Midland Great Western of Ireland reports three failures 
of Smith's vacuum brake simply as delays, but they 
belong to Class 2, as the trains ran past stations six, 
five, and eleven carriage lengths respectively. 

During the half-year there have been three col- 
lisions reported caused by failures of continuous brakes. 
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(1) The yacuum pipes on a Great Northern train be- 
came uncoupled^ and a collision with the buffer stops 
at Earkstead was the result. (2) A North- Western 
train ran into the buffer stops at Sutton Coldfield, 
owing to the breakage of the stalk of the ejector of the 
vacuum brake. (3) The coupling of a North- Western 
engine broke near Birmingham^ and the carriages ran 
into the engine^ as the vacuum brake failed to stop 
them. It is hardly necessary to point out that these 
three accidents could not have occurred if the Great 
Northern and North-Western companies had employed 
brakes which are automatic in action. 

The Board of Trade requires that the returns relating 
to brake failures should be placed under one of three 
headS; as follow : (1) Failure or partial failure of the 
continuous brakes to act when required in case of an 
accident to a train, or a collision between trains being 
imminent. (2) Failure or partial failure of the con- 
tinuous brakes to act under ordinary circumstances to 
stop a train when required. (3) Delay in the working 
of trains in consequence of defects in, or improper 
action of, the brakes, distinguishing whether they arose 
from neglect or inexperience of servants, or failure of 
machinery or material. 

It would be a very great advantage if the totals of 
each brake, under each heading, were placed in a sum- 
mary or tabulated form, as at present the information 
extends over fifty-eight pages of the return, and there- 
fore cannot be easily compared. The London, Brighton, 
and South Coast Railway reports that five accidents 
have during the half-year been avoided by the use of 
the Westinghouse automatic brake. 

The working of the Steel-Mclnnes brake has become 
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practically extinct ; it has been removed from the three 
engines upon the Caledonian to which it was fitted, and 
its removal from the carriages is now being carried out. 

In view of the very unsatisfactory manner in which 
the companies make their returns, T trust the Board of 
Trade will appoint a committee, as suggested by the 
recent Congress, to examine and report upon the various 
brakes. 

In this report I have only dealt with a few of the 
incorrect and misleading statements, but sufficient has 
been said to prove to you and to the Society that for 
all practical purposes the Soard of Trade return has 
been rendered valueless. — I am, yours faithfully, 
(Signed) Clement E. Stretton, 

Consulting Engineer A.S.E.S. 

To E. Harford, Esq., 

General Secretary A.S.E.S., 

306, City Road, London, E.C. 
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MIXED TBAINS. 



EoR several years past the Amalgamated Society has 
strongly condemned the running of mixed passenger 
and goods trains, and has urged that, if such trains 
are run, the passenger carriages should at least be 
placed in the safest place, near the engine, and in 
front of the waggons. 

Several accidents have recently occurred, and it is 
satisfactory that the following circular has been issued. 
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[Copj/.'] 
E.4,163. 

" Board of Trade, Railway Department, 

" London, S.W., 25th August, 1886. 

"Sir, — The attention of the Board of Trade has 
been specially directed by some of the reports which 
have recently been received from their inspecting 
officers to the practice of running mixed trains in 
which passenger carriages have been attached to goods 
waggons. The facts brought to their notice in these 
reports have borne out the opinions expressed in 
previous reports as to the dangers arising from the 
running of mixed trains, especially when goods or 
other waggons are placed between the engine and the 
passenger carriages. The inspecting officers report 
that the risk of so placing the passenger carriages out- 
weighs the advantages which may in some cases of 
accident to the front of the train have resulted from 
the waggons taking the worst of the shock. In these 
circumstances the Board of Trade wish to call the 
attention of the directors of the Railway Com- 
pany to the desirability of avoiding, as far as may be, 
such a practice. If the running of mixed trains is not 
altogether avoidable, care should be taken that any wag- 
gons attached to such trains are specially constructed 
for the purpose, and fitted with such appliances as are 
generally adopted in the case of passenger carriages. 
The Board of Tjade trust that, when the condition of 
the traffic necessitates the running of mixed trains, the 
passenger carriages will, as far as possible, be placed 
in front and not to the rear of goods waggons, and that 
all other precautions will be taken to lessen the risk of 
conducting traffic on such a system. 

" I am. Sir, your obedient servant, 

" COURTENAY BoYLE. 

**To the Secretary of the Railway Company." 
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A BSOLUTE block system de- 

"^ scribed, 36. 

Accidents on railways, 1885, 1. 

Adams, joint chair by, 24 ; fish- 
plates introduced by, 23. 

Amalgamated Society require- 
ments for safety, 3. 

Ashby tramroad, 12. 

Author, the, suggests third class 
dining and sleeping cars, 169. 

Automatic brakes necessary, 66. 

Axles, breaking of crank, 96 ; by 
Vickers and Co., 101 ; Larbert 
accident, 110; miles run by, 
101; Fenistono accident, 106; 
steel veraua iron, 97 ; Strotton's 
patent, 104. 

"D ALL and key fastening, 18. 

-^ Ball valve, 92. 

Barker's hydraulic brake, 67. 

Barlow's iron-road, 21. 

Barnes, Mr., Lawson Colliery, 11. 

Bars, locking, 69; train safety, 
63. 

Binegar accidents, 146, 161. 

Birkinshaw's fish-bellied rail, 14. 

Block system, described, 36 ; in- 
struments, 37 ; signal codes for. 
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39; union with interlocking, 
47. 

Blocks, stone permanent way, 11. 

Board of Trade conditions re 
brakes, 70 ; reports on acci- 
dents, 1 ; circular re mixed 
trains, 169. 

Brakes, automatic, 66 ; Barker's 
hydraulic, 67; Clark and "Webb's 
chain, 67; conditions for effi- 
ciency, 70 ; continuous, 66, 163 ; 
director's opinion upon, 71 ; 
" leak-off"," 76 ; vacuum auto- 
matic described, 82 ; Westing- 
house automatic described, 76. 

Brunei, Mr., broad gauge, 19. 

Burscough Junction, accident at, 
133. 

pjANONBURY tunnel acci- 

^^ dent, 38. 

Cast-iron plate-rails, 9 ; sleepers, 
31 ; wheels, 9. 

Chairs introduced, 11. 

Colebrookdale line, 10. 

Communication, cord system un- 
reliable, 6. 

Compagnie des Appareils' coup- 
ling, 127. 
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Cook, coupling by, 124. 

Coupling trials at Nine Elms, 
report, 113. 

Couplings for railway waggons, 
112; by Cook, 124; by Dar- 
ling, 126; by Hill, 123; by 
Latham, 127 ; by Paris Com- 
pany, 129; by Younghusband, 
121. 

Crossings, 31. 

Cylinder for brakes, Westing- 
house, 80 ; vacuum, 91. 

"pXARLING, automatic waggon 

coupling by, 125. 
Defectire signalling, 61. 
Distant signals, proper pattern, 4. 
Double parallel rails, 18. 
Driyers* valve, 78. 

•p^DGE rail introduced, 11. 
Ejector, combined, 89. 
Electric repeaters to work with 

signal arm, 6. 
Engine fitted with vacuum brake, 

83; Westinghonse, 77. 

TpACING-POmTS, improved 

duplex detector, 60 . 
Faciug-points to be avoided if 

possible, 4. 
Fish-plates introduced, 23. 

/^ ALTON", Captain, brake ex- 
periments by, 69. 
Gauge of railways, 15 — 19. 
Glenfield tunnel, cast-iron road 

laid through, 21. 
Guards* valve, 78—88. 

JTAND-SIGNALLING dan- 
gerous, 4. 
Hartley's, Mr., system too rigid, 
20. 



Hill, Mr., coupling by, 122. 
Hodgson, Mr., electric interlock- 
ing by, 48. 

TNTERLOCKING of points 

and signals, 44. 
Improved detector by Saxby 

and Farmer, 69. 
Iron axles, 97 ; rails, cast, 9 ; 

wrought, 13. 

TESSOP'S edge rail, 10. 
Junction working, 61. 

TT'EYS, iron, 14 ; wooden, 18. 

T ATHAM Brothers, coupling 

^ by, 127. 

Leicester and Swannington EaU- 

way, report re stone-blocks, 20. 
Liverpool and Manchester Kail- 

way, 16. 
Locke, Mr., double parallel rails 

by, 18. 
Lockerbie, accident at, 140. 
Locking gear for signals, 61. 
Longitudinal system of sleepers, 

29. 
Lord Coleridge on manslaughter, 

133. 

•J^ANISTY, Mr. Justice, on 
law of manslaughter, 137. 

Mechanical slot signal, 56. 

Midland Kailway, Sir J. Allport's 
policy, 154 ; block code, 39 ; 
brakes in use, 75, 165 ; perma- 
nent way, 29 ; position of keys, 
26. 

Mixed trains, 169. 

Moon, Mr., on third-class traffic, 
155. 
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"Vr ARROW gauge, origin of, 

16. 
Newark brake trials, 67. 
Nine Elms, coupling trials at, 

113. 
North-Eastern brake trials, 69. 
Novelty, the, 17. 



QTJTSIDE keys, 26. 

Outram's, Mr., way, 11. 
Overwork dangerous, 152. 



"pASSENGER communication, 
5 ; platforms and footboards, 
6; traffic, 163. 

Penilee, accident at, 136. 

Fenistone, accident at, 106, 
166. 

Permanent way, ancient, 8; badly 
drained, 22 ; ballast, height of, 
27 ; chairs first introduced, 11 ; 
crossings, 31 ; first requisites 
for good, 22; gauge, 16, 19; 
joint chairs, 23 ; keys, iron, 
14; keys, wooden, 18; fish 
plates, 23 ; platelayers, 9 ; 
points, 30 ; rails, bridge, 29 ; 
rails, cast-iron, 9 ; rails, double 
headed, 18; rails, <'fish- bellied," 
14 ; parallel, 18 ; rails, various 
patterns, 28 ; sleepers, cast- 
iron, 21 ; sleepers, position of 
at joints, 24 ; sleepers, steel, 
32; sleepers, weight of, 28; 
sleepers, wooden, 28 ; stone- 
blocks, 11 ; weight of per yard, 
29 ; wooden, 8. 

Perth accident, failure of chain- 
brake, 141. 

Prestbury accident, failure of 
signal, 136. 



"D AILS, steel, weight of, 29 ; 

^^ breaking of, 30; fish- 
bellied pattern, 14. 

Railway accidents, 1885, 1 ; axles, 
97 ; brakes, 66, 163 ; couplings, 
112 ; platelayers, origin of 
name, 9 ; servants and law of 
manslaughter, 131 ; servants* 
long hours dangerous, 152 ; 
traffic returns, 163 ; working 
expenses, total, 167 ; working 
expenses per mile, 167. 

Reservoir, main, for brake, 76. 

Rocket, the, 17. 

Rutherglen, failure of the chain 
brake at, 133. 



a ADDLE-BACK rail by Bar- 

^ low, 21. 

Sans Fareil locomotive, 17. 

Signals, electric slot, 57 ; distant, 
home, and starting, 37 ; defec- 
tive signalling, 61 ; diagram 
of junction, Plate II. ; proper 
position for, 4 ; returns, 160. 

Single line, train staff system, 
64. 

Sittingboume accident, 133. 

Six months' hard labour, 162. 

Stephenson, Mr. G., opinion on 
the gauge, 16 

Stockton and DarUngton Railway 
permanent way, 16 

Stone-blocks used by Mr. Barnes, 
11. 

Stretton's patent crank-axle, 104. 

Stretton's, Mr., report on brakes, 
163. 

Super-elevation on curves, rule 
for, 31. 

Sweep and navvy policy, 156. 

Sykes's system of signalling, 49. 
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^ANK engines unsafe at ex» 
press speed, 5. 

Third-class trafiSc, the mainstay 
of receipts, 163; Mr. Moon 
upon, 165 ; third-class dining 
and sleeping carriages re- 
quired, 169. 

Traffic returns, 166. 

Tramroads introduced, 8; Cole- 
brookdale, 9 ; origin of name, 
11. 

Triple valve, 80. 

TTNIFORM system of signals 

necessary, 4. 
Union of block and interlocking 

systems, 47. 
United : Kingdom, miles run by 

trains, 167 ; miles of line open, 

156. 

T7ACUUM brake, 82. 

Vickers and Co. 'a steel 
axles, 101. 



Vignole's rail described, 3C. 



TITATFORD, accident at, 142. 
Webb, Mr., steel perma- 
nent way by, 32. 

Wennington accident, 31. 

Westinghouse automatic brake 
described, 76 ; fulfils Board of 
Trade conditions, 82 ; results 
obtained at Gisbum, 69 ; at 
Newark, 67 ; at York, 69. 

Wheels, cast-iron, 9 ; wooden, 9. 

Wilmslow accident, failure of 
steam brake, 143. 

Wooden keys, introduced by Mr. 
Locke, 18 ; ways, 8. 

Wrought-iron rails first tried, 13. 



YOU^C^HUSBAND and Hud- 
son, coupling by, 121. 
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EMINEMM'S POCKET GOHPANM 

AND 

PRACTICAL EDUCATOR FOR ENGINEMEN, BOILER 
ATTENDANTS, AND MECHANICS. 

By MICHAEL REYNOLDS, 

MEMBER OP THB SOCIETY OP ENGINEERS, 
FORMERLY LOCOMOTIVB INSPECTOR, LONDON, BRIGHTON, AND SOUTH COAST RAILWAY. 



EXTRACT FROM PREFACE. 

The favourable reception and g^reat success which have been accorded to the author's 
previous works, ** Locomotive Engine Driving," " Stationary Engine Driving,*' and others, 
have led him to believe that he could produce a ])ook for the pocket, which might be regarded 
as the Engineman's Travelling Companion, and so meet a want which has been universally 
felt, and expressed by many Enginemen who have written to him on the subject. 

The present work is therefore written for Locomotive, Stationary, Traction, and Portable 
Engine-men; a class of men who, although they labour hard all day — and some of them all 
night — have but little time for reading after their work is done, and yet have many spare 
moments, during the intervals of their occupation, which they would be glad to utilise by 
the acquisition of practical knowledge advantageous to them in their calling. 



OPINIO J^S OF THE PRESS. 

"The author's previous works form excellent contributions to practical engineering 
literature, and the work now before us maintains his character. It contains seventeen 
chapters of useful information, not merely on mechanical subjects, but on scientific sub- 
jects connected more or less closely with them." — Engineer, 

"Mr. Reynolds's book is well suited to accomplish his object, being the honest 
workmanship of a competent engineer. The work is really an admirable one, suited to 
meet a crying vf2oaX**^-Glasg<nn Herald, 

" This practical educator will be appreciated by all enginemen, boiler attendants, and 
mechanics, especially those who know how to make the best use of the odds and ends of 
time." — Hardware Trade Journal, 

** Every subject in connection with engines is fully explained in the plainest language 
in the work before us, and makes the book a highly useful instructor to all those desirous 
of obtaining a thorough knowledge of engines and engineering."— 7<>«3«r Trades 
Journal, 

" This work is wonderfully prolific in information, and is put forward in such a clear 
and forcible manner, that those for whom it is intended cannot fail to comprehend and 
appreciate. To the young engine-driver especially it is commended,**^Doncasler Free 
Press, 

" This book will be a boon to those who are striving to become efficient mechanics*'* 
Daily Chronicle, 
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Just Published, Crown 8vo, price 4s. 6d., handsomely bound in red cloth, gilt, 
with bevelled boards, or in cloth limp (Weale*s Series), price 3s. 6d. 

LOCOMOTIVE-ENGINE DRIVING : 

A PRACTICAL MANUAL 

FOR ENGINEERS IN CHARGE OF LOCOMOTIVE ENGINES. 

By MICHAEL REYNOLDS, 

MEMBER or THE SOCIBTY OV BNOINBEHS, 
FORMERLY LOCOMOTIVE INSPECTOR, LONDON, BRIGHTON AND SOUTH COAST RAILWAY. 

SEVENTH EDITION. 
COMPRISING, BESIDES OTHER ADDITIONAL MATTER, 

A KEY TO THE LOCOMOTIVE ENGINE. 

8Bitlt xixauxosL% SEUttstrstions siU) ^ortrsit tt Jlathar. 



SUMMARY OF CONTENTS. 

INTRODUCTORY CHAPTER. 

PART I.— DESCRIPTION AND MANAGEMENT OF THE LOCO- 
MOTIVE: Chap. I.— General Description of the Locomotive. 
II.— Detailed Description of the Locomotive, with Key. 
III. — Characteristics of Good-working Engines Performing 
Long Runs. IV. — To set the Slide-valves. V.— How to be- 
come A Model Engine-Driver. VI. — Duties of an Engine- 
driver. Vn.— Duties and Training of a Fireman. VIII. — 
Duties of an Engine-driver with a Train.^ IX.— Causes 
OF Failures. X.— Shed-day. 

PART II.— SCIENTIFIC PRINCIPLES : Chap. I.— The Indicator. 
II. — Hydrostatics, Hydraulics, Pneumatics. III. — Principles 
OF Combustion. IV. — Steam and the Principles of its Ex- 
pansion, v.— Principle of the. Safety-valve Lever. 

PART III.— CERTIFICATES FOR DRIVERS AND FIREMEN : 
Chap. I. — Certificates for Locomotive Drivers. II. — Subjects 
OF Examination for Certificates. 

PART IV.— EXAMINATION MATTER : Arithmetic— Diagram of 
Engine-running — ^To find the Consumption of Coal per 
Mile — To calculate the Quantity of Water evaporated per 
Pound of Coal — ^The Diameter of Driving-wheel and thk 
Speed— To find the Horse-power of a Locomotive — To calcu- 
late the Heating Surface o? a Fire-box — To find the Area 
OF A Safety-valve— Table showing the Consumption of Fuel 
— ^To test the Quality of Iron — Table of the Force of the 
Wind — ^Knots. 

PART v.— REGULATIONS FOR ENGINEMEN AND FIREMEN. 

APPENDIX.— Extracts from the General Acts of Parliament 
FOR THE Regulation of Railways. 

Etc. Etc. Etc. 
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LOCOMOTIVE ENGINE-DRIVING. 

PERSONAL OPINIONS, 
From Thk Right Hon. Earl Grosvenor. 
<' It is most useful to railway men, and ought to be in the hands of all 
engine-drivers." 

From Samubl W. Johnson, Esq., Locomotive Superintendent^ 

Midland Railway. 
'< It is eminently practical, and will be of great assistance to all who are 
aspiring to become nrst-class drivers, and who have the welfare of the company 
they serve at heart." 

From J. P. Knight, Esq., General Manager^ London, Brighton, and 

South Coast Railway. 
" A capital and useful work, which will be a valuable addition to railway 
literature." 

From J. McFarlane Gray, Esq., Surveyor to the Board of Tbade. 

<< The reading in this book is first-rate ; the manner in which the author 
treats the practical question is really excellent, and the energy he displays 
most attractive." 

From J, Ramsbottom, Esq., Harewood Lodge, Mottram. 
" It will, I have no doubt, be much read, both by the dass which it more 
immediately concerns, and by others who take an interest in the proper 
handling of the greatest mechanical civiliser of our times, namely, the Loco- 
motive Engine." 

From Patrice Stirling, Esq., Locomotive Superintendent, 
Great Northern Railway, Doncaster. 
" I am quite sure if all engine-drivers were to read it they would immediately 
derive much practical benefit. I hope it will run through many editions." 

From A. M. Watkin, Esq., M.P. 

** I know no other book so useful for young men who wish to rise on the 
footplate." 

G. H. P. in Golden Hours, 

" A reformer, whose efforts deserve a grateful recognition, has lately risen 

up in the person of Mr. Michael Reynolds Mr. Reynolds has a vast 

practical experience, and he is accordingly making a brave effort to improve 
the condition of drivers and firemen, and thus to confer a lasting boon upon 
the public. He writes from personal knowledge, having himself risen from the 
liumblest rank." 

OPINIONS OF THE PRESS. 

** Mr. Reynolds deserves the title of * The Engine-driver's friend.' "—Hai/way News. 

** Mr. Reynolds is the first man in England to write a book which mifht be a Driver's 
ComffanioH and Guide, He has supplied a want, and he has supplied it well." — The 
Engineer, 

I' The author has opened a new chapter in the literature of the day. Of the practical 
utility of Mr. Reynolds's book we have to speak in terms of warm commendation." — 
Athenaum, 

** Eminently practical, being the work of one who knows his subject thoroughly.*' — 
Railway Service Gateiie, 

" Were the cautions and rules given in the book to become part and parcel of the evenr- 
day working of our engine-drivers, the dangers attending railway travelling might be 
materially lessened, ana we might have fewer distressing accidents to doplOTO,"—TAe 
Scotsman, 

'* The author is a practical man, whose career should be included in the next edition of 
Mr. Smiles's 'Self-£ielp.' Most of the information contained in his work was gleaned on 
the foot-plate of the Limited Scotch Mail, 'Wild Irishman,' Manchester and Liverpool 
Express, on the London and North-Westem Railway."— 7'Atf World, 

"The book is altogether one which we strongly recommend for circulation among 
engine-drivers and stokers."— /^at/tcMM' News. 

" The book it as novel as it is useful."— ^Ns^/MJfc Mechanic, 
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STATIONARY ENGINE DRIVING. 

A PRACTICAL MANUAL 
FOR ENGINEERS IN CHARGE OF STATIONARY ENGINES. 

By MICHAEL REYNOLDS, 
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STATIONARY ENGINE-DRIVING. 



SUMMARY OF CONTENTS. 

Chap. I.— Introductory Notice of the Steam-Engine and Boiler. 
Chap. II. — Materials of which Engines and Boilers are made. 
Chap. III.— The Stationary Engine— Condensing Beam Engine. 
Chap. IV.— Details of the Stationary Engine— Condensing 
Beam Engine. Chap. V.— The Cornish Pumping Engine— De- 
scription AND Working of it. Chap. VI. — The Horizontal 
Engine — Semi-portable Engine. Chap. VII. — Compound 
Engines. Chap. VIII. — Cornish and Lancashire Boilers. 
Chap. IX.— The Galloway Boiler. Chap. X.— Details of 
THE Galloway Boiler. Chap. XI.— Starting and Working 
AN Engine and Boiler. Chap. XII.— Management of the Fire. 
Chap. XIII.— Management of the Feed- water and of Boiler- 
feeders. Chap. XIV. — Causes of Failures. Chap. XV. — 
Steam-boiler Explosions. Chap. XVI. — The Indicator, and 
how to work it, with illustrative Diagrams. Chap. XVII. — 
Arithmetical Calculations for Enginemen. Appendix.— To 
Test the Quality of Iron— Knots. Index. 



OPINIONS OF THE PRESS. 



" The author it thoroughly acquainted with hit tubjects, and hit advice on the variout 
pointt treated it clear and practical. . . . He has produced a manual which is an exceed- 
ingly useful one for the class for whom it is specially mVaiAadJ*'^EngiHeering. 

" Mr. Reynolds leaves no stone unturned. He is determined that his readers shall not 
only know something about the stationary engine, but all about \t,"'^Engifutr, 

"We should like to see the book on the parlour-table of every engineman and fireman 
in the United Kingdom."— /fv«. 

" An engineman who has mastered the contents of Mr. Reynolds's book will require 
but little actual experience with boilers and engines before he can be trusted to look after 
them." — English Afechanic, 

" This book should find its way into every engine-room in the United Kingdom, for it 
deserves not mere perusal only, but to be kept for reference and study at all spare times. 
. . . Skilled engineers and apprentices and students in engineering cannot fail to glean 
from its pages many golden grains— or, in other words, information— which, properly used, 
MAY BB TRANSMUTBD INTO ooLi>,**—FofWnan Engineer, 

" A very clear and comprehensive treatise on a very interesting subject. . . • The book 
should be possessed by every intelligent and ambitious engine-man." — Builder, 

** A practical manual by a practical man. To the young working engineer the volume 
will prove of especial value."— AfrViini^ journal, 

** This work should be in the hands of every engine-driver in the United Elingdom."— 
Railway News, 

"An invaluable guide to stationarjr-engine practice. ... It is just the sort of book 
which should always be at the elbow of evervone who has, or who is likely to have, the 
management of an tnf^ne,** -^Building World, 
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A HISTORICAL NOTICE OF THE PIONERR LOCOMOTIVE 
ENGINES AND THEIR INVENTORS 



MICHAEL REYNOLDS, 
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THE MODEL LOCOMOTIVE ENGINEER. 



SUMMARY OF CONTENTS. 

PART I.— THE PIONEER ENGINEERS : Chap. I.— The Locomo- 
tive Men. Chap. II.— The Stationary-engine Men. Chap. III. 
—The Locomotive and its Driver. 

PART II.— EARLY HISTORY OF THE LOCOMOTIVE : Chap. L 
— The Impossibility of the Locomotive. Chap. II.— The 
Coal Tramways. Chap. III.— Richard Tkevethick. Chap. 
IV.— The Rack-rail and the Central Chain. Chap. V. — 
William Hedley and the Plain Rails. Chap. VI.— George 
Stephenson. Chap. VII. — George Stephenson's First Locomo- 
tive. Chap. VIH.- The Blast in the Chimney and the 
Coupling-Rods. Chap. IX.— Geor6e Stephenson a Railway 
Constructor. Chap. X. — The Liverpool and Manchester 
Railway, and Competition of Locomotives. Chap. XI.— 
George Stephenson, the Successful. 

PART IIL — CERTIFICATES OF QUALIFICATIONS IN THE 
RUNNING SERVICE, LOCOMOTIVE DEPARTMENT : Chap. I. 
—The Management of a Railway. Chap, n.— The Locomotive 
Foreman. Chap. HI.- The Engine-boy. Chap. IV.— Third- 
class Engine-boy's Certificate. Chap. V. — Second-class 
Engine-boy's Certificate. Chap. VI. — First-class Engine- 
boy's Certificate. — Chap. VIL— The Fireman. Chap. VIII.— 
Third-class Fireman's Certificate. Chap. IX.— Second-class 
Fireman's Certificate. Chap. X.— First-class Fireman's Cer- 
tificate. Chap. XL— The Engineer. Chap. XII.— The Third- 
glass Engineer's Certificate, Etc. 



OPINIONS OF THE PRESS. 

** Well calculated to fire the ambition aod increase the efficiency of those to whom it is 
more particularly addressed. Mr. Rejmolds's fitness for the task is well known." — Builder, 

** We should be glad to see the book in the possession of eva7one in the kingdom who 
has ever laid or is to lay hands on a locomotive engine." — Iron. • ■ • 

" Mr. Reynolds has given much pains and thought to a matter of which he has prac- 
tical experience.*'— ^SViA^n/oy Review. ..... 

"The author is most practical in his teaching, so that the youngest lad and the oldest 
workman may lean; lessons from his book that will prove invaluable through life. . . . 
Every railway man . who wishes to rise in the world should study this hoxikJ^^-Daily 
Telegraph. ^ 

*■* From the technical knowledge of the author, the book will appeal to the railway man 
of to-day more forcibly than anything written by Dr. Smiles. . . . The volume contains 
■ information of a technical kind, and facts that every driver should be familiar with." — 
English Mechanic. 

'* This book embodies, in terse, clear, and frequently ^igrammatic language,' the results 
of the experience and observation of a man whose whole life has been spent among loco- 
motives, and who, by dint of his own skill, industry, and perseverance, ' rose from the 
ranks' to a highly responsible official position on the London, Brighton, and South Coast 

Railway."— /^fvina» Engineer, 
<«' — - -- - .-.- 
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Ifinth Thousand. Crown 8to, price 2i. cloth. 

ENGINE-DRIVING LIFE; 

STIRRING ADVENTURES AND INCIDENTS IN THE LIVES 
OF LOCOMOTIVE ENGINE-DRIVERS. 

By MICHAEL REYNOLDS, 

AUTHOR or " LOCOMOnVB BNOINB-DRIVINO,'' ETC. 

Contents. Chap. I.— Introduction. II.— The Engine-bot : Earlt 
Struggles, m. — The Engine-fireman: Formation of Cha- 
racter. IV.— The Engine-driver: His Progress. V. — ^Thb 
Engine-driver : Foot-plate Education. VI.— The Engine-dri- 
ver's Dog. Vn.— Sudden Surprises. VIII.— Punishment, and 
its Administration. DC. — Runaway Engines. X. — Runaway 
Trains. XI.— The Royal Train. XII.— The Death of Drivek 
Nathan Gordon. XIII.— The Tay Bridge Accident. XTV. — 
Last Trips. XV.— How to "Treat" the Engine-driver. 



" Ths book from first to last is perfectly fascinating. Wilkie Collins* most 
thrilling conceptions are thrown into the shade by true incidents, endless in their variety, 
related in every pa^." — North British MaiL 

" A book of exciting: interest^ and reveals more vividl]t than any other volume with 
which we are acquainted the bng^ht, the heroic, and the sa3 sides of daily life on our iron 
roads."~G. H. P. in GcUen //ours, 

** Anyone who wishes to ^t a real insirht into railway life cannot do better than read 
' Engine-driving Life ' for himself, and if he once takes it up he will find that the author's 
enthusiasm and real love of the engine>driving profession will cany him on till he has read 
cveryvsLgt,**— Saturday Review, 

" The book should be 'read by all ranks in the locomotive department.*' — Railway Nem, 

" The author shows us what is the whole career of the engine-driver, with all its diffi- 
culties, dangers, and perils, from the time he begins life as an engine-boy to the end of his 
eventtttl \iMioTy,**'~'Ltverpool Albion. 

Large Crown 8vo, price 9s., handsomely bound in cloth, with bevelled boards. 

CONTINUOUS RAILWAY BRAKES. 

A PRACTICAL TREATISE 

ON THE SEVERAL SYSTEMS JN USE IN THE UNITED KINGDOM, 
THEIR CONSTRUCTION AND PERFORMANCE, 

By MICHAEL REYNOLDS, 

author of "locohotivb engine-driving," etc. 

iitith SS libxeftxtuma, 9 ^olbiitg fitdta, nnt Sixtvxtxtma tables. 

" A popular explanation of the different brakes. It will be of great assistance in forming 

Fublic opinion, and will be studied with benefit by those who take an interest in the brake, 
t is a cfear exposition of the brake question as it relates to the rival systems." — £ng^lisA 
Mechanic, 

** Mr. Remolds stands firmly upon the footplate when he comes to review the many 
kinds of railway^ brakes that have been brought forward, and regards their claims with the 
eye of the practical engineer." — Daily Chronicle, 
'* May be recommended to all who desire to study the subject of continuous brakes."-* 

Iron, «_«__«____»»______-_____«_______- 
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LONDON, 1862. 
THE PRIZE MEDAL 

Was amcded to the Publultm of 

"lULCSSEKIES." 
A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL. 

Cemfritins niarfy Three Hundred and Fifty dUlnct tcjril in almml ewiry 
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Science f'^j.«, ^.,Z^! 

S- " WEALE'S SERIES includes Teit-Boolis on almost ei 
ScieDce and Industry, comprising such subjects as Agriculture. 
Mid Building, Civil Engineering. Fino Arts, Mechanics and Mechanical 
Engloeering, Physical and Chemical Science, and many miEcellas 
Treatises. The whole are constantly undergoing revision, and new edit 
brongbt up to tha latest discoveries in scientific research, are const 
''sned. The prices at which thej are sold are as low as their excelleni 
\saiei."—Amtricati Liitrary Cantte. 
" Amongst the literature of technical education, WbaLB'S SBKIB3 has ever 
enjoyed a high reputation, and the additions being made by Messrs. Crosbv 
LOCKWOOD & Co. render the scries exen more complete, and bring tb- i-f""-- 
nutlon upon the several subjects down to the present time."— 

It is not too much to say that no books have ever proved mora popular 
with, or more useful to. young engineers and olhers than the exceUent 
tises comprised in Wzalb's SZRizs."—EngiiutT. 

The excellence of WSALE's Series is now so well appreciated, that it 
id be wasting our space to enlarge npon their general usefulness and 
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%* The volumes of thit Series are fredy Illustrated witii 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that ^bo books are bound in 
limp cloth, unless otherwise stafed; duif the volumes marked 
•with a X may also he Juul strongly bound in cloih boards for 6d 
exlra. 

N,B,-^In o r de rin g frvm. this List it is recommended, as a 
means of /aciliiafin/i business and obviating error, to quote the 
numbers affixed to the volumes, as well €U Mtf titles and prices. 



CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.B.A., and G. R. Burnbll, C.E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated. 2s. 

35. TjffS BLASTING AND QUARRYING OF STONE, for 

Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgovnb, Bart., K.C.B. Illustrated, is. 6d. 

43. TUBULAR, AND OTHER IRON GIRDER BRIDGES,]^sx- 

ticularly describing the Britannia and Conway Tubular Bridges. By G. 
Drysdalb Dbmpsky, C.E. Fourth Edition. 2s. 

44. FOUNDATIONS AND CONCRETE WORKS, with Practical 

Remarks! on Footings, Sand, Concrete, B6ton, Pile-driving, Caissons, and 
Cofferdams, 8cc. By £. Dobson. Fifth Edition, is. 6d. 
60. LAND AND ENGINEERING SUR VEYING. By T. Bakkr, 
C.E. New Edition, revised by Edward Nuobnt, C.E. is.t 
8o». EMBANKING LANDS FROM THE SEA. With examples 
and Particulars of actual Embankments, 8cc. By J. Wiggins, F.G.S. 9%. 
81. WATER WORKS, for the Suppty of Cities and Towns. With 
a Description of the Principal Geoloeical Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samubl Huohbs, F.G.S., C.E. New ££tion. 4S.± 

fi8. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 
of. By David Stbvbnson, F.R.S.E., &c. Plates and Diagrams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. By Francis Campin, C.E. ss. 6d.t 

197. ROADS AND STREETS {THE CONSTRUCTION OF). 
By Hbnrt Law, C.E., revised and enlarged by D. K. Clark, C*E., including 
pavements of Stone. Wood, Asphalte, &c. 4s. 6d.t 

203. SANITARY WORKIN THE SMALLER TOWNS AND IN 
VILLAGES. ByC.SLAGG, A.M.T.C.E. Revised Edition. 3s.t 

212. GAS-WORKS, THEIR CONSTRUCTION AND ARRANGE- 

MENTx and the Manufacture and Distribution of Coal Gas. Originally 
written by Samubl Huohbs, C.E. Re-written and enlarged bywiLLLAM 
Richards, C.E. Seventh Edition, with important additions. 5s. 6d.t 

213. PIONEER ENGINEERING, A Treatise on the Engmeering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst C.E. 4s. 6d.t 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of Con> 
structton. By Francis Campin, C.E. Second Edition, revised. xs.X 

219. CIVIL ENGINEERING. By Henry Law, M.Inst C.E. 
Including Hydraulic EvomBBftiHO by G«o. R. Burmbll, M.In8t. C.R. 
Seventh Edition, revised, with large additions by D. Kinnbar Clark, 
M.Inst. C.E. 6s. 6d., Cloth boards, 7s. 6d. 

The t indicates that these vols, may be had sirongly bound ai^. extra. 
LONDON : CROSBY LOCKWOOD AND CO., 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES^ the Construction of, and other Machinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE. By Dr, Lardner. Illustrated. is.6d. 

59. STEAM BOILERS: their Construction and Management. By 
R. Armstrong, C.£. Illustrated, is. 6d. 

82. THE POWER OF WATER, as appUed to drive Flour Mills, 
and to give motion to Turbine*^ &c. By Josbph Glynn, F.R.S. ss.t 

98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. ByT. Bakbr, C.£. With Additions by J. Nasmyth, C.£. 2S. 6d.t 

139. THE STEAM ENGINE, « Treatise on the Mathematical Theonr 

of, with Rules and Examples for Practical Men. ByT. Baker, C.£. ib. 6d. 

164. MODERN WORKSHOP PRACTICE, as appUed to Marine, 

Land, and Locomotive Engines, Floatinar Docks, Dredjring Madiines 
Bridges, Cranes, Ship-building, &c., &c. By J . G. Winton. Illustrated. 3s.it 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 28. 6d.t 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6d.| 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. ByJ. Maxton. 6th Edn. With 7 Plates and 350 Cuts. 3s. 6d.t 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. By John Sbwbll and D. K. Clark, M.I.C.E. 3s. 6d.t 

200. FUEL, its Combustion and Economy. By C. W. Williams, 

With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 
Wood, Peat, Petroleum, 8cc.— by D. K. Clark, M.I.C.E. 3s. 6d.t 

202. LOCOMOTIVE ENGINES, By G. D. Dkmpsey, C.E. ; with 
large additions by D. Kinnbar Clark, M.I.CE. 3S.$ 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 
plating, and Calculating Boiler and Tank Work. By John Courtney 
Practical Boiler Maker. Edited by D.K. Clark, C.E. xoo Illustrations. 2s. 

217. SEWING MACHINERY : Its Construction, History, &c., with 
full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. 2S.4: 

223. MECHANICAL ENGINEERING. Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture oi 
the Steam Engine, &c. By Francis C ampin, C.E. 2s, 6a.t 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron. By Francis Campxn, C.E. xs.X ' 

237. THE SMITHY AND FORGE; including the Farrier's Art and 

Coach Smithing. By W. J. £. Crane. Illustrated. 2s. 6d.)' 

238. THE SHEET-METAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagrams and 
Working Patterns. By W. J. E. Crane, is. 6d. 

251. STEAM AND MACHINERY MANAGEMENT : with Hints 
on Construction and Selection. By M. Powis Bale, M.I.M.E. 28. 6d.| 

254. THE BOILERMAKER* S READY^RECKONER. With Ex- 

amples of Practical Geometry and Templating. By John Courtney. 
Edited by D. K. Clark, M.Inst.C.E. 48., limp ; 5s., half-bound. 

255. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Ix>comotive Engines. By Michael Reynolds, M.S.E. 
Seventh Edition. 3s. 6d., limp ; 4s. 6d. cloth boards. 

256. STA TIONAR Y ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Stationary Engines. By Michael Rbynoli>s, M*S.B. 
Third Edition. 3s. 6d. limp ; 4s. 6d. cloth boards. 

The X indicates that ihew hols, may be had strongly bound at 6d. extra, 
7, STATIONERS' HALL COURT, LVDGATE HILL, B.a 
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MINING, METALLURGY, ETC. 

4. MINERALOGY, Rudiments of; a concise View of the General 
Pro|>erties of Minerals. By A. Ramsay, F.G.S.. F.R.G.S., &c. Third 
Edition, revised and enlarged. Illustrated. 3s. 6d.t 

117. SUBTERRANEOUS SURVEYING, with and without the Mag- 
netic Needle. By T. Fbnwick and T. Baker, C.E. Illustrated. 2s. 6d. X 

133, METALLURGY OF COPPER ; an Introduction to the Methods 
of Seeking, Mining, and Assaying Copper, and Manufactnring its Alloys. 
By RoBBRT H. LAMBORif. Ph.D. Woodcuts. 3S. 6d«t 

135. ELECTRO-METALLURGY; Phictically Treated. By A1.KX. 
ANDBR Watt, F.R.S.S.A. Eigbth Edition, revised, with additional Matter 
and Illustrations, including the most recent Processes, as.t 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, 8cc. By Wiluam Morgans, ss. 6d.t 

I72» MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 6s. 
176. METALLURGY OF IRON. Containing History of Iron Manu- 
facture. Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. FifUi Edition, 
revised and enlarged, ss.t 

180. COAL AND COAL MINING, By Warington W. Smyth, 

M.A., F.R.S. Sixth Edition, revised. 3s. 6d.t 
195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Mineral 
Properties. By William Lintern, Mining and Civil Engineer. 3s. 6d.t 

214. SLATE AND SLATE QUARRYING, ScitnM^cVmc^csl, jxad 
Commercial. By D. C. Davies, F.G.S., Mining Engineer, &c. 3s.t 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY^ 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By W. Lintbrn. ss. 



ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE— ORDERS— The Orders and their .Esthetic 

Principles. By W. H. Leeds. Illustrated, is. 6d. 

17. ARCHITECTURE—STYLES— Tht History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B. A., &c. Illustrated, as. 
%* Orders and Styles of ARCHiTficruRB, tn One Vol., ^s, 6d. 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplified in the W< rks of the 

Greek and Gothic Architects. BvE.L.Garbbtt, Architect. Illustrated. 2s.6d. 

*•* TMe ihree ^recedim Works, in One handsome Vol., half bound, eniitled 

" Modern ARCHrrECTURE," price 6f. 

22. THE ART OF BUILDING, Rudunents of. General Principles 
of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, 7&.% 

25. MASONRY AND STONECUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.R.I.B.A., 8cc. ss. 6d.t 

42. COTTAGE BUILDING, By C. Bruce Allen, Architect 
Tenth Edition, revised and enlai^ed. With a Chapter on Economic Cottages 
for Allotments, by Edward E. Allen, C.E. 2s. [Jusi Publishsa, 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, &c. By G. R. Burnell, C.E. Twelft h Edition, xs. 6d. 

The X indicates thai these vols, may be had strongly bound at 6d, extra. 
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Architecture, Building, etc., continued, 

57. WARMING AND VENTILATION An Exposition of the 
General Principles as applied to Domestic and Public Buildings, Mines, 
Lighthouses, Ships, 8cc. ay C. Tomlinson, F.R.S., 8cc. Illustratea. 3s. 

III. ARCHES, PIERS, BUTTRESSES, &*€,: Experimental Essays 
on the Principles of Construction. By W. Bland. Illustrated, zs. 6d. 

1x6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to the purposes of the* Architect and 
Bnilder. By T. Roobr Smith, M.K.I.B.A., Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, xs. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS PC LLC. In Ten Books. Translated from the Latin by 
JosBPH GwiLT, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdbbn. xs. 
%* The two preceding Workt in One handsome Vol,, half bound, eniitled "Ancibmt 

i^RCHITECTURB '* irice 6s 

132, THE ERECTION OF DWELLING-HOUSES. Illustrated b;r 
a Perspective View. Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, witn the Specification, Quantities, and Estimates, &c. By 
S. H. Brooks. New Edition, with Plates, zs. 6d.t 

156. QUANTITIES AND MEASUREMENTS,Kow to CalcnlaLte and 
Take them in Bricklayers', Masons', Plasterers', Plumber8|. Painters', Paper- 
hangers', Gilders', Smiths', .Carpenters', and Joiners' Work. By A. C. 
Bbaton, Architect and Surveyor. New and Enlarged Edition. Illns. xs. 6d. 

175. LOCKWOOD dr* CO:S BUILDER'S AND CONTRACTOR* S 
PRICE BOOK, containing the latest Prices of all kinds of Builders' Materials 
and Labour, and of all Trades connected with Building, 8cc., 8cc. Edited 
by F. T. W. Miller, Architect. Published annually. 3s. 6d. ; half bound, 4s. 

182. CARPENTRY AND yOINERY—TnE, Elementary Pmh- 

ciplbs of Carfbktry. Chiefly composed from the Standard Work of 
Thomas Trbdgold. C.E. With a TREATISE ON JOINERY by E. 
Wyndham Tarn, M.A. Fourth Edition, Revised and extended, with nume- 
rous Illustrations. 3s. 6d.t 

182*. CARPENTRY AND JOINERY, ATLAS of 35 PUtes to 
accompany the above. With Descriptive Letterpress. 4to. 6s. 
185. THE COMPLETE Jl/i?^^(7^£i? ; the Measurement of Boards, 
Glass. &c. ; Unegual-sided, Square-sided, Octagonal-sided^Ronnd Timber 
and Stone, and Standing Timber, 8cc. By Richard Horton. Fifth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS. By G. WlGHXWlCK. 

New Edition. By G. H. Guillaume. Illustrated. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : with a Course of Elementary Drawing for House* Painters, Sign- 
Writers, &c., and a Collection of Useful Receipts. By Elus A. Davidson. 
Fourth Edition. With Coloured Plates. Ss. clotb limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles; Arch Drawing, Cutting, and Setting: 
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical 
Geome^, Mensuration, 8cc. By Adam Hammond. Fifth Edition* xs. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage. Fourth Edition. 
With 330 Illustrations. By W. P. Buchan. 3s. 6d.t 

192, THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By Richard E. Grandy. 

Second Edition, Revised. 3s.t ^^^ 



The X indicates thai thete vols, may be had strongly bound at 6d, extnu 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.C 
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Architecture, Building, etc., continued, 

ao6. A BOOK ON BUILDING, Civil and Ecclesiastical, indudine 
Church Restoration. With the Theoir of Domes and the Great Pyramii^ 
Ice. By Sir Edmund Bbckbtt, Bart., LL.I>., Q.C., F.R. A.S. 4s. 6d4 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works. 'By 
Wyvill J . Christy, Architect. With upwards of x6o Engravings on Wood. 3s.t 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

Bt E. Wyndham Tarn, M.A., Architect. Second Edition, revised, is. 6d. 

229. ELEMENTARY DECORATION: as applied to the Interior 

and Exterior Decoration of DwelUng-Houses, flee. By Jambs W. Facby. 
Illustrated witii Sixty-eight explanatory Engravings, as. 

257. PRACTICAL HOUSE DECORATION A Guide to the Art 

of Ornamental Painting, the Arrangement of Colours in Apartments, and 

the Principles of Decorative Design. With Remarks on the Nature and 

Properties of Pigments. By Jambs W. Facby. 2s. 6d. X Just published. 

*,* The two Preceding Worha^ in One handsome Vol., half-bouna, entitled ** Housk 

Dbcoration, Elementary and Practical," price $s. XJustpublishecL 

230. HANDRAILING. Showing New and Simple Methods for findiiig 

the Pitch of the Plank, Drawing the Moulds, Bevelling, Tointing-up, and 
Squaring the Wreath. By Gborgb Colungs. Plates and Diagrams, is. 6d« 

247. Building ESTA TES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and General Managfement of Building Land. By 
Fowler Maitland, Surveyor. Illustrated, ss. 

248. PORTLAND CEMENT FOR USERS, By Henry Faija, 

Assoc. M. Inst. C.E. Second Edition, corrected. Illustrated. 2s. 

252. BRICKWORK : a Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cutting and Setting, &c. By F. 

Walker. Second Edition, Revised and Enlarged, xs. 6d. 
23. THE PRACTICAL BRICK AND TILE BOOK. Comprismg : 
189. Brick and Tile Making, hy E. Dobson, A.I.C.E.; Practical Bricklay- 
852. iNO, by A. Hammond ; Brickwork, by F. Walker. 550 pp. with 270 Illus> 

trations. 68. Strongly half-bound. 

253. THE TIMBER MERCHANT'S, SAW-MILLER'S, ANI> 

IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich^ 
ARDSON. With a Chapter on Speeds of Saw-Mill Machinery, &c. By^ 
M. Powis Balx, A.M.Ittst.C.£. 3s.t 

SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NA VAL ARCHITECTURE, An Exposition of the Elementary 
Principles of the Science, and their Practical Application to Naval Construc- 
tion. By J. Pbakb. Fifth Edition, with Plates and Diagrams. 3s. 6d.t 

S3*. SHIPS FOR OCEAN ^ RIVER SER VICE, Elementary and 
Practical Principles of the Construction of. By H. A. Sommbrfbldt. u. 6d.. 
53»». AN ATLAS OF ENGRA VINGS to lUustrate the above. Twelve 
large folding plates. Royal 4to, cloth. 7s. 6d. 

54, MASTING, MASTMAKING, AND RIGGING OF SHIPS,. 
Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
Wire, and Hemp Ropes, &c., relative to every class ox vessels. By Robbrt 
Kipping, N.A. Fifteenth Edition. Illustrated. 2s.% 

54*. IRON SHIP'BUILDING. With Practical Examples and Details 
By John Grantham, C.E. 5th Edition. 4s 



ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 
Navigation. By Jambs Grbbnwood, B.A. With numerous Woodcuts and 
Coloured Plates. New and enlarg^ edition. By W. H. Kossbr. 2s. 6d.t 

The % indicates that these vols, may be had strongly bound at 6d, extra, 
LONDON: CROSBY LOCKWOOD AND CO., 
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Shipbuilding, Navigation, Marine Engineering, etc., cont, 
80. MARINE ENGINES AND STEAM VESSELS, By Robert 

Murray, C.E.^ Principal Officer to the Board of Trade for the East Coast 
of Scotland District. Eighth Edition, thoroughly Revised, with Additions 
by the Author and by Georgb Carlisle. C.E., Senior Surr^or to the Board 
of Trade, Liverpool. 48. 6d. limp ; 5s. cloth boards. \yuii published, 

83*w. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Shipbuilding. By W. 
BLAMD.Seventh Edition, revised, with numerous Illustrations and Models.X8.6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. By Prof. J. R. Young. New Edition. 2s. 6d. 

106. SHIPS' ANCHORS, a Treatise on. By G. Cotsell, N.A. is. 6d. 

149. SAILS AND SAIL-MAKING. With Draughting, and the Centre 
of E£Fort of the Sails ; WeighU and Sizes of Ropes : Masting, Rigging, 
and Sails of Steam Vessels, flee, nth Edition. By R. Kifpino, NJL| 2s. 6d.t 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Enoinbbr. Revised by D. 
F. McCarthy, late of the Ordnance Survey Office, Southampton. 3s. 

SC PRACTICAL NAVIGATION. Consisting of The Sailor's 
& Sea- Book. By Jambs Grbbnwood and W. H. Rossbr. Toother with 
2Q^ the requisite Mathematical and Nautical Tables for the Working of the 
^* Problems. By H. Law, C.E., and Prof. J, R. Young. 7s. Half*oound. 



AGRICULTURE, GARDENING, ETC. 

6l». A COMPLETE READY RECKONER FOR THE ADMEA- 
SUREMENT OF LAND, 8cc. By A. Arman. Second Edition, revised 
and extended by C. Norris, Surveyor, Valuer, 8cc. 2s. 

131. MILLER'S, CORN MERCHANTS, AND FARMER'S 
READY RECKONER. Second Edition, with a Price List of Modern 
Flour- Mill Machinery, by W. S. Hutton, C.E. 2s. [Just fublished. 

14a SOILS, MANURES, AND CROPS. (VoL i. Outlines of 

MoDBRN Farming.) By R. Scott Burn. Woodcuts, ss. 

141. FARMING 6* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. s.Outunbs op Modbrn Farming.) By R.Scott Burn. 31. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (VoL 3. 

OuTLTNBS OP Modbrn FARMING.) By R. ScoTT BuRN. Woodcttts. ss. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outlines op Modern Farming.) 2s* 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outlinbs op Modbrn 
Farming.) By R. Scott Burn. Woodcuts. 2s. od. 
*«* Nos, I40-I-2-5-6, tn One Vol.^kands<muly half-bound^ enh'iled ** OirruNBS OP 
Modbrn Farming.*' By Robert Scott Burn. Price 12s. 

177. FRUIT TREES, Tlie Scientific and Profitable Culture of. From 

the French of Du Brbuil. Revised by Gbo. Glbnny. 187 Woodcuts. 3s. 6d.t 
198. SHEEP: THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, &c. Fourth Edition, 
enlarged, including Specimens of New and Improved Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. By George M. F. 
Glbnny. Illustrated, is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the OrganU 

taiion of Farm Labour, By Ri Scott Burn. 2s. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT. 
By R. Scott Burn. 2s.6d.t 

%* Not, 207 &* ao8 in One Vol.^ handsomely half -bound, entitled " Outlines op 
Landed Estates and Farm Management." By R. Scott Burn. Ptice 6s. 

■I' '■ ■! ■ '' II.. 

The t indicates that these vols, may be had strongly bound at 6d. extra. 
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Agriculture, Gardening, etc., continued. 

209. THE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fniit Trees, 
Flowering Shrubs, Flowering Plants, 8cc. By Samuel Wood. 2s4 

210, THE TREE PRUNER, A Practical Manual on the Franing of 

Fruit Trees, including also their Training and Renovation ; also the Pmmngr 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2s.t 
%* Not* ao9 &* 210 in One VoL^ handsomely kalf-bound, entitled "Tps Trbb 
Planter, Propagator, and Prunbr." By Samuel Wood. Price 51. 

218. THE HAY AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Fanners, Hay and Straw Dealers, &c. 
By John Steele. Fourth Edition. 28. 

222. SUBURBAN FARMING. The Laying-ont and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. By Proi John Donaldson and R. Scon Burn. 3s. 6a.t 

231. THE ART OF GRAFTING AND BUDDING. By Charles 

Baltbt. With Illustrations. 2s. 6d.t 

232. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Gardens. By E. Hobday, is. 6d. 

233. GARDEN RECEIPTS. Edited by Charles W. QuiN. is,6d. 

234. THE KITCHEN AND MARKET GARDEN. CompUed 

by C. W. Shaw, Editor of " Gardening Illustrated." js.t 

239. DRAINING AND EMBANKING. A Practical Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By JOHN Scott, late Professor of Agriculture and Rural Economy at the 
Royad Agricultural College, Cirencester. With 68 Illustrations. is« 6d. 

240. IRRIGATION AND WATER SUPPLY, A Treatise on Water 

Meadows, Sewage Irrigation, Warpinpf, &c. ; on the Construction of Wells, 
Ponds, and Reservoirs ; and on Raising Water by Machinery for Agricvl* 
tural and Domestic Purposes. By Prof. John Scott. With 34 Illns. xs. 6d. 

241. FARM ROADS, FENCES, AND GATES. A Practical 

Treatise on' the Roads, Tramways, and Waterways of the Farm; the 
Principles of Enclosures ; and the diiferent kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, is. 6d. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
including Plans and Estimates. By Prof. John Soott. With 105 Illus. as. 

243. BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Application of Power to the Operations of Agriculture j and 
on various Machines used in the Threshing- bam, in the Stock-yard, and in the 
Dairy, «cc. By Prof. J. Scott. With 123 Illustrations. 2s. 

244. FIELD IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction, their Points of Excellence, and Management. By Professor John 
Scott. With 138 Illustrations. 2S. 

245. AGRICULTURAL SURVEYING. A Practical Treatise on 

Land Surveying, Levelling, and Setting-out ; and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, &c. 
By Prof. John Scott. With 62 Illustrations, is. 6d. 

•^* Nos. 239 to 245 in One Vol., handsomely half-bound, entitled '* Thr Complete 
Tbxt-Book of Farm Engineering." By Professor John Scott. Price 12*. 

250. MEA T PRODUCTION. A Manual for Producers, Distributors, 
8cc. By John Ewart. 2s. 6d.t 

The t indicates that these vols, may be had strongly bound at 6d, extra, 
LONDON : CROSBY LOCKWOOD AND CO., 



W£ALS'S RUDIMENTARY SERIES. 



MATHEMATICS, ARITHMETIC, ETC. 

3i. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjusting, and Using them 

are concisely Explained. ^ By J. F. Heather, M.A., of ^e Royal Aiilitary 

Academy, Woolwich. Original Edition, in x voL, Illustrated, is. 6d. 

*,»* In ordertngihe above ^ be careful to say, ** Original Edition *' {No, 32), to ditiiH' 

guish Hfrom the Enlarged Edition in 3 vols, {Nos. 168-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of' Perspective, extracted from the French of 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Heather, M.A. With 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 2x5 Woodcuts. 2s. 

«3. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Tames Haddon, 
M.A., Arithmetical Master of King's College School, Lond!on. it. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Young. Tenth Edition, corrected, xs. 6d. 
^*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Young, xs. 6d. 

85. EQUATIONAL ARITHMETIC, appUedto Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hipslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra, ss. 
86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By T* R< Young, zs. 6d. 

^, EUCLID, The Elements of : with many additional Ptopositioiis 

^. and Explanatory Notes : to which is prefixed, an Introductory Sssay on 
^ Logic. By Henry Law, C.E. 2s. 6d.t 

•»• Sold also separately, viz, .•— 

88. EucUD, The First Three Books. By Henry Law, C.E. zs. 6d. 

89. EccuD, Books 4, 5, 6, zi, Z2. By Henry Law, C.E. xs. 6d. 

9a ANALYTICAL GEOMETRY AND CONIC SECTIONS, 
By Jambs Hann. A New Edition, by Professor J. R. Young, as.t 

91. PLANE TRIGONOMETRY, the Elements of. By Jambs 

Hann, formerly Mathematical Master of King's College, London, zs. 6d. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By James 

Hann. Revised by Charlbs H. Dowlino, C.E. zs. 
%• Or with " The Elements of Plane Trigonometry," in One Volume, 2S, 6d. 

93. MENSURATION AND MEASURING. With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 

Baker, C.E. New Edition by E. Nugent, C.E. Illustrated, zs. 6d. 
loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOUSE, F.R.A.S.. &c. xs. 6d. 
io±. INTEGRAL CALCULUS, Hudimentaiy Treatise on the. By 

HoMERSRAM Cox, B.A. Illustrated, zs. 

105. MNEMONICAL LESSONS. — GEOiarr^Y, Algebra, akd 

Trxoonombtry, in Easy Mnemonical Lessons. By the Rev, Thomas 
Pbnyngton Kirkman, M.A. zs. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by A. Arman. zs. 6d. 

137. A Kby to Haddon's Rudimentary Arithmetic. By A. Arman. zs. 6d. 

TAe t indicates that these vols, may be had strongly hound at 6d. extra. 
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lO WKALB'S RUDIMENTARY SBRIBS. 

Mathematics, Arithmetic, etc., continued, 

168. DRAWING AND MEASURING INSTRUMENTS. Indud- 

ing"— I. Inttnunents emplored in Geometrical and Mecbanical I>rawuig^, 
and in the Conatmction, Copying, and Measurement of Maps and Flans* 
II. Instmments used for the punoses of Accurate Measurement, and for 
Arithmetical Compotations. By J . F. Hbathbr, M.A. Illustratea. xs. 6d, 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Appjaratus for producing copies of Maps and Plans 
by Photography. By J. F. Hbathbr, M.A. Illustrated, xs. od. 
17a SURVEYING AND ASTRONOMICAL INSTRUMENTS. 
Includitt|f — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employe in Astronomical Observa- 
tions. By J. F. Hbathbr, M.A. Illustrated, xs. 6d. 
*«,* The aiotft three volumes form an enlargmmenf of the Auihof't original work, 
" Maihemaiical Insirumenis** (See No, %» in ike Series*) 
x(A.\MATHEMATICAL INSTRUMENTS. By J. F. Hkathrr, 
Z69. V M Jl. Enlarged Edition, for the most part entirely're-wntten. The 3 Parts as 
^^o.J above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 
158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapioit^ and accuracv. By Charlbs Hoarb, C.S. Fifth 
Edition. With a Slide Rule in tuck of cover, ss. 6d.l 

196, THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES \ with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, 8cc. By F^dor Thoman. 4s.t 

199. THE COMPENDIOUS CALCULATOR; or, Easy and Concise 
Methods of Performing the various Arithmetical Operations reouired in 
Commercial and Business Transactions ; together with Usetul Tables. By 
D. O'Gorman. Twenty-sixth Edition, carehilly revised by C. Norris. 3s., 
doth limp; 3s. 6d., strongly half-bound in leather. 

204. MATHEMATICAL 7l4^Z-ff5, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms; 
By Hbni^y Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Prof. J. R. Young. New E^tion. tfi,X 
204». LOGARITHMS. With Mathematical Tables for Trigonometrical, 
Astronomical, andNautical Calculations. By Henry Law, M.Inst.CJS. New 
and Revised Edition. ( Formingpart of the above Work). 3s. 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.K.A.S., F.S.S. Sixth Edition. 2s.t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical^ Investi- 
ntton, by means of Arithmetical and Simple Alsrebraical Eijuations and 
Practical Examples. By Francis Campin, C.E. Second Edition. 3s.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY. By Professor Geo&gb Fownes, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, xs. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. ToMUNSON. Woodcuts, xs. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Cha&les Tom- 

UNSON. Illustrated, xs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Sabinb, C.E., F.S.A. xs. 6d. 

7«. GALVANISM. By Sir W. Snow Harris. New Edition by 
Robert Sabinb, C.E.,F.S.A. xs. 6d. 

8. MAGNETISM; being a concise Esqposition of the Greneral Prin- 

ciples of Magnetical Science. By Sir W. Snow Harris. New Edition, 

revised by H. M. Noap, Ph.D. With 165 Woodcuts. 3s. 6d.1: 

The X indicaies thai these vols, may be had siron/^ly bound at 6d. extra. 

LONDON: CROSBY LOCKWOOD AND CO., 



WBALE'S RUDIMENTARY SERIES. II 

Physical Science, Natural Philosophy, etc., continued, 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.£.| F.S.A. 3s. 

12. PNEUMATICS, for the Use of Beginniers. By Charles 

ToHLiNSON. Illustrated, is. 6d. 

72. MANUAL OF THE MOLLUSC A; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 

96. ASTRONOMY. By the late Rev. Robert Main, M.A. Third 

Edition, by William Tuymnb Lynn, B.A., F.R.A.S. 2s. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 

138. TELEGRAPH, Handbook of the; a Guide to Candidates for 
Employment in. the Teleeraph Service. B:^ R. Bond. Fourth Edition. 
Including Questions on Magnetism, Electricity, and Practical Telegraphy, 

by W. McGrRBGOR. jS.t 

173. PHYSICAL GEOLOGY, pardy based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,&c. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

PoRTLOCK*s " Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts, as. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's '* Rudiments of 

X74. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 
Sc formerly Pro^sor of Natural Philosophy and Astronomy in University 

.g^ College, Lond. With 520 Illustrations. In One Vol. 7s. 6a., cloth boards. 
^* •»* Sold aiso in Tzvo Paris ^ as folUrms : — 

183. Animal Physics. By Dr. Lardnbr. Part I., Chapters I.— VII. 4s. 

184. Akimal Physics. By Dr. Lardner. Part II., Chapters VIII.— XvIII. 3s. 



FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By George Pyne. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 

GLASS. From the German of Dr. Gbssert and Emanuel Otto From- 
bbrg. With an Appendix on The Art op Enamelling. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charles Child Spencer. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spencer. is.6d. 

d^li. MUSIC (sf THE PIANOFORTE. In one vol. Half bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil^ Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature, 
Pamting on Ivory, Vellum. Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John Guluck, assisted by 
John Times, F.S.A. Fifth Edition, revised and enlarged. ^%.X 

186. A GRAMMAR OF COLOURING, appUed to Decorative 

Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to l^e Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, &c. 1%.% 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FQR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, &c. With Notes on the Copyists 
and Imitators of each Master. By Philippe Daryl. 2s. 6d.t 

The X indicates thai these vols, may he had strongly bound at 6d. extra. 
7, STATIONERS' HALL COURT, LUDGATB HILL, E.G. 



13 WBALB'S RUDIlfXMTARY SKRUSS. 

INDUSTRIAL AND USEFUL ARTS. 

23. BRICKS AND TILES, Radimentary Treatise on the Mannfac- 

tnreof. By £. Dobsow, M.R.LB.A. Illustrated, 394 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Bbckktt, LL.D., Q.C. Seventh Edition, revised and en- 
larged. iS. 6d. limp ; ss. 6d. cloth boards. 

83*». CONSTRUCTION OF DOOR LOCKS. Compiled from the 
Papers of A. C. Hobbs. and Edited bv (Charlbs Tomlikson, F.R.S. Witii 
Additions by Robbrt Mallbt, M.I.C.E. IUus. as. 6d. 

i6j. the brass FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Turning, Filing, Bumishmg, 
Bronzing, &c. With copious Receipts, &c. By Waltbr Grahau. 2S.t 

205. THE ART OF LETTER PAINTING MADE EASY. By 
J. G. Badbnoch. Illustrated with xa full -page Engravings of Examples, xs. 

215. THE GOLDSMITHS HANDBOOK, containing fuU Instruc- 
tions for the Alloying and Working of Gold. By Gborgb E. Geb, x%.% 
225. THE SILVERSMITITS HANDBOOK, containing fuU In- 
structions for the Allo3ring and Working of Silver. By Gborgb £. Gbb. 3S.t 
%• The iwo preceding Works^ in One handsome Vol.y half-bound^ entitled **Thb 
Goldsmith's & Silvbrsmith's Complete Handbook,** 7*. {just published, 

224. COACH BUILDING, A Practical Treatise, Historical and 
Descriptive. By J. W. Burobss. as. 6d.t 

235. PRACTICAL ORGAN BUILDING, By W. E. Dickson, 

M.A., Precentor of Elv Cathedral. Illustrated, as. 6d.t 
249. THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED. By Gborgb E. Gbb. js-J 



MISCELLANEOUS VOLUMES- 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHjS- 
OLOGY, the FINE ARTS, 6f^. By Tohn Wbalb. Fifith Edition. Revised 
by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES, By David Gibbons. Third Edition, enlarged. 3S.$ 

III. MANUAL OF DOMESTIC MEDICINE, By R. GOODIHO, 
B.A., M.D. A Family Guide in all Case^ of Accideafand Emergency. B8.t 

1125. MANAGEMENT OF HEALTH. A Manual of Home and 
Personal Hygiene. By the Rev. James Baird, BJ^., xs. 

150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

icl. SELECTIONS FROM LOCKE'S ESSAYS ON THE 
HUMAN UNDERSTANDING. With Notes by S. H. Emmbns. n, 

154. GENERAL HINTS TO EMIGRANTS, Notices of the various 

Fields for Emigration, Hints on Outfits, Useful Recipes, &c. 28, 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
Jambs Mann, F.R.A.S., F.M.S. Second Edition. Map. ss. 

193. HANDBOOK OF FIELD FORTIFICATION, intended forthe 

Guidance of Officers Preparing for Promotion, By Major W. W. 
Knollys, F.R.G.S. With X63 Woodcuts. 38.* 

194. THE HOUSE MANAGER: Being a Guide to Housekeerang. 

Practical Cookery, Pickling and Preserving, Household Work. Dairy 
Management, the Table ana Dessert, Cellarage of Wines, Home-orewins 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, Sec. By An Old Housekbbpbr. 3s. 6d.t 

I94» HOUSE BOOK {The). Comprising :— I. The House Manager. 

1 12 & By an Old Housekeeper. II. Domestic Medicine. By R. Gooding, M.D. 

1 12*. ^^^* Management of Health. By J. Baird. In One vol., half -bound, 6s. 

The i indicates that these vols, may be had strongly bound at fid. extra, 

LONDON : CROSBY LOCKWOOD AND CO. 
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EDUCATION AL AlH) CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Oriein and Proflress of the English Constitution. By 
William Douglas Hamilton, F.S.A.. of Her Majesty's Public Record 
0£Sce. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of Universihr College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvikn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Bates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Granamar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.CL. Fourth Edition, is. 6d. 
II*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon. Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin. Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarkb, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above xoo,ooo Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., <s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
zyth Edition, xs. 6a. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTBAM, F JI.A.S. Improved Edition, xs. 6d. 

51. The Art of Extempore Speaking; Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautaim, Vicar-General and Professor at the 
Sorbonne. Translatedfrom the French. 7th Edition, carefully corrected. 2s.6d. 

53. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, xs. 

53* Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. xs. 

54. Analytical Chemistry, Qualitative and Quantitative, a Coarse 

of. To which is prefixed, a BrieiTreatise upon Modem Chemical Nomracla- 
ture and Notation. By Wm. W. Pink and Gborob E. Wbbstbr. as. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely ; 

formerly H.M. Inspector of Schools. 
Introductory Primer, ^d. 



First Standard . .06 
Sbcond „ ..0x0 

Third „ . . x 



s, d. 

Fourth Standard . . . z a 

Fifth „ . . . z 6 

Sixth „ • . . z 6 

Lbssoms VROM THB Bibls. Part I. Old Testament, is. 

Lbssons from thb Bible. Part II. New Testament^ to triiich is added 

The Geography of the Bible, for very young' Children. By Rev. C. 

Thornton Forstbr. xs. sd. %* Or the Two Farts in One Volume, as. 

7, STAtlONSRs' HALL COURT, LUDGATB HILL, E.G. 



14 WSALE'S educational AMD CLASSICAL SERIES. 

FRENCH. 

24. French Graxnxnar. With Complete and Concise Rules on tbm 

G«oden of French Noont. By G. L. Strauss, Ph.D. xs. 6d. 

25. French-English Dictionary. Comprising: a large number of 

New Tenns nsed in Eagineering, Mining, Sec. By Alfksd Elwbs. is. 6cL 

26. English-French Dictionary. Bv Alfred Elwbs. as. 
25,26. French Dictionary (as above). Complete, in One VoL, 3s. ; 

doth boards, 3s. 6d. %* Or with the Graumar, cloth boards, 4s. 64. 

47. French and English Phrase Book : containine Intro- 

ductory Lessons, with Translations, several Vocabularies of Words, a C<^- 
lection of sniUble Phrases, and Easy Familiar Dialogues, xs. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, xs. 6d. 

40. German Reader : A Series of Extracts, carefully called from the 

most approved Authors of Germany; with Notes, Philological and £z« 
planatory. By G. L. Strauss, Ph.D. xs. 

41-43. German Triglot Dictionary. By N. E. S. A. Hahilton. 

In Three Parts. Part I. Gcrman-Frcnch-Enriish. Part II. English-Ger* 
man-French. Part III. French-Gennan-Englisb. 3s., or clodi boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

Sc 39, Grammar (No. 3 9), in One Volume, cloth boards, $ 8, 

ITALIAN. 

87. Italian Grammar, arranged in Twenty Lessons, with a Course 
of Exercises. By Alfrbd Elwbs. is. 6d. ^ „ , 

a8. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfrbd Elwbs. 
Vol. I. Italian-English-French. ss.6d. ^ ^ ^ ,- , 

30. Italian Triglot Dictionary. By A. Elwbs. vol 2. 

English-French-Italian. as.6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. VoL 3. 

French-Italiau-English. as. 6d. . * rx -rr 1 - nj 

»8,30, Italian Trlglol Dictionary (as above). In One Vol., 7s. 6d. 

3a. Cloth boards. 

SPANISH AND PORTUGUESE. 
34. Stoanish Grammar, in a Simple and Practical Form. With 
a Course of Exercises. By Alfrbd Elwbs. is.6d. * ^, ^. 

SS* Spanish-English and English-Spanish DicUonary 

Including alarge number of Technical Terms used in Mining. Engmcenng, &c. 
with the proper Accents and the Gender of every Noun. By Alfrbd Elwes 
4s. ; cloth boards, 58. %• Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese ^pfc- 

tionary. Including a large number of Technical TcriM used in Minmg, 
Engineering, &c., with the proper Accents and the Gendw of eveiy I^wi. 
By Alfred Elwes. 5s. ; cloth boards, 6s. %• Or with the Grammar, 
cloth boards, 7s. 

HEBREW. 

46*. Hebrew Grammar. By Dr. Bresslau. is. 6d. 
A4. Hebrew and EngUsh Dictionary, Bibhcal and Rabbinical ; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 6s. ^ ^ ^ 

46. English and Hebrew Dictionary. By Dr. Bresslau. jg. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with 

46*. the Grammar, cloth bo ards, 12s. _____^___ 
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LATIN. 

19. Latin Grammar. Containing the Inaections and Elementary 

IVincipIes of Translation and Construction. By the Rev. Thomas Goodwin. 
M.A., Head Master of the Greenwich Proprietary School, zs. 6d. 

20. I^tin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 
J2. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. Bt the 
Rev. Thomas Goodwin, M.A. i». 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 38. 6d. 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatoiy Notes in English, 

1. Latin Delectus.' Containing JBfxtracts fi-om Classical AuUion, 

with Genealogical Vocabnlaries and Explanatory Notes, by H. Young, zs. 6d. 

2. Gaesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young, as. 

3. Cornelius Nepos. With Notes. By H. Toung. is. 

4. VirffilU Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, zs. 6d. 
5* Virgilii Maronis ^neis. With Notes, Critical and Explanatory, 
bjy H. Young. New Edition, revised and improved With copious Adm- 
tional Notes by Rev. T. H. L. Lbaey, D.CJU, formerly Scholar of Brasenose 
College, Oxford. 38. 

S* Part z. Books i.— vi., xs. 6d. 

5** — — Part s. Books vii.— xii., as. 

6. Horace; Odes, Epode, and Carmen Sseculare. Notes by H. 

Young, zs. 6d. 

7. Horace; Satires, Epistles, and ArsPoetica. Notes by W. Brown* 

RiOG Smith, M.A., F.R.G.S. zs. 6d. 

8. Sallustii Crispi Catalina et Bellum Tugurthinum. Notes, Critical 

and Explanatory, by 'W. M. Donnb, B.A., Trin. Coll., Cam. zs. 6d. 

9. Terentll Aadria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Daviks, M.A. zs. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. ss. 

11. Terentii Ewiuchus, Comcedia. Notes, by Rev. J. Davies, M.A, 

zs. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davibs, M.A. zs. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College^ Oafonl. 
zs. 6d. 

14. Ciceronis Cato Major, Lselius^ Brutus, sive de Senectute, de Ami- 

cttia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith. 
M.A., F.R.G.S. 2s. 

16. Xivy : History of Rome. Notes by H. Young and W. B. Siczth, 

M.A. Part z. Books i., ii., zs. 6d. 
i6*. — — — Part s. Books UL, iv., ▼., zs. 6d. 
xy. .._..^ Part 3. Books xxi., zxii., zs. 6d. 

19. Latin Verse Selections, from Catullus, Xibullus, Propertius, 
and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge, ss. 

2a Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculns, Valerias Maximtts Sueto- 
nius, ApiUeius, &c. Notes by W. B. Donnb, M.A. ss. 

21. Juvenalis Satirse. With Prolegomena and Notes byT.H. S. 

EscOTT, B.A-, Lecturer on Logic at King's College, Londoa. st. 

7, STATIONERS' HAJLL COURT| LUDGATS HILL, E.C 
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GRECRl. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Retearcbes of the most eminent Scholars of onr own day. By Hans 
Claudb Hamilton, is. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. By Hsnry R. 
Hamilton. Vol. i. Greek-English, as. 6d.; Vol. 2. English-Greek, 2s. Or 
the Two Vols, in One, 4s. 6d. : cloth boards. 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammas, in 

17. One Vol., cloth boards, 68. 
GRCEK CLASSICS, With Explanatory Notes in Engjish. 
I. Greek Delectus, Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, byH. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, MA., of the High School, Glasgow, is. 6d. 
2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Youno. Fart i. Books i. to iii., 
IS. Part 2. Books iv. to vii., xs. 

4. XiUCian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Youno. is. 6d. 
5- It. Homer, The Works of. According to the Text of Babumlein. 
With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminaxy Observations and Appendices, by T. H. L. 
Lbary, M.A., D.C.L. « ^ « , ... 

Thb Iuad : Part i. Books i. to vi., is. 6d. Part 3. Books xiu. to xviii., xs. 6d. 
Part 2. Books vii. to xii., xs.6d. Part 4. Books six. to xxiv., xs. 6d. 
Thb Odyssiy; Part i. Books i. to vi.. is. 6d Part 3. Books xiii. to xviii., is. 6d. 
Part 2. Booksvii.toxii., xs.6d. Part 4. Books xix. to xxiv., and 

Hymns, 2s. 
13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 

14-17. Herodotus, The History of, chiefly after the Text of Gaisford, 

With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary. M-\., D.C.L. 

Parti. Books i., ii. (The Clio and Euteroe), as. 
Part 2. Books iii., iv. (The Thalia and Melpomene), 2s. 
Part 3. Books v. -vii. (The Terpsichore, Erato, and Polymnia), ss. 
Part 4. ' Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 
18. Sophocles: CEdipusTyrannus. Notes by H. Young, is. 
to, Sophocles : Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John MitNBR, B.A. as. 

2X Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
DORPr With Notes, Critical and Explanatory, by,W. Brownrigg Smith, 
M.A., F.R.G.S. IS. 6d. ^ , ^ ^^ «^.^, 

26. Euripides: Alcestis. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatory, by John Miuibr, B.A. i8.6d. 

30. ufischylus : Prometheus Vinctus : The Prometheus Bound. From 
the Text of Dindorp. Edited, with English Notes, Critical and Explanatory, 
by the Rev. James Davibs, MA. is. 

t2 -/Eschylus s Septem Contra Thebes : The Seven against Thebes. 
' From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Davibs, UJl, is. 

10 Aristophanes s Achamians. Chiefly from the Text of C. H. 

* ' Wbisb. With Notes, by C. S. T. Townshbnd, MA. is. 6d. 

41. Thucydldes: History of the Peloponnesian War. Notes by H. 
Young. Book i. is. 6d. j ▼ *_ 

4i. Xenophon's Panegyric on Agesilaus, Notes and Intro- 
duction by Ll. F. W-Ibwitt. is.6d. , _ . ^, ^,... . 

43. Demosthenes. The Oration on the Cro^ and the Philippics. 
With English Notes. By Rev. T. H. L. Leaky, D.C.L., formeriy Scholar of 
Brasenose College, Oxford, is. 6d. . 
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APtU, iBSj, 

A CATALOGUE OF BOOKS 

INCt-UDINIi MANY NEW AND STANDARD WORKS IN 

ENGINEERING, MECHANICS. ARCHITECTURE. 

GARPEflTRf. MINING, NAVAL AROHITEOTURE. 

SCIENCE. MATHEMATICS, THE INDUSTRIAL ARTS. 

MANUFACTURES, AGRICULTURE, GARDENING. 

ESTATE MANAGEMENT, &c. 

CROSBY LOCKWOOD & CO. 
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2%e Water Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE ca the WATER-SUPPLY 
OF CITIES AND TOWNS. By W.ll.am Huubeb, A-M. inal. C.E„ and 
M. Inst. M.E., Author of "Can and Wrought Iron Bridge Consltuclion," 
tic. Sic. niuslraled with jo Double Plates, l Singia Plata, Coloured 
Froalispiece, and upnards of Ijo Woodcuts, and coaiainine 40a pages of 
Tent. Imp. 4to, £6 61. elegantly and substantially half-bound in morocco. 
Lato/ConltKts. 




Cast aiid Wrought Iron Bridge Conatrttction, 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION. iKclading Iron 
Fnundalwni. In Three Patli-Theorelieal, Praclical, and Descriptive. By 
WiLi.i«H HuHBEK, A-M. last. C.E., and M. Inst M.E. Third Edition. Re- 
vised and much improved, with 115 Double Plates (10 of ohicb now first 
appear in Ihia edition), and numerous Additions 10 the Teil. In Two Vols., 
imp.4to, £6161. &1. half-bound in moiocco. 



SK 



tr W I IIBae, bl^ hiiioJ-lB which th« nut importanl bridint en 



a CROSBY LOCKWOOD S- CO.'S CATALOGUE. 

HUMBER'8 GREAT WORK ON MODERN ENGINEERINQ. 

Complete tn Fonr Volumci, Imperial 4I0, price fii iis., balf-morocco, each 
Volume HttTKpuaiely u it&ovs ;— 
A RECORD OF THE PROGRESS OF MODERN ENGINEER- 
ING. Fust Se>ib8. Compii.ing Civil, Mechanierf, Marine, Hydranliq, 
RailmT, Bridge, and Mher Engineering Worki, Ac. By Willuu HuiraEii, 
A-M, Ipit. C.&, &c. Imp, 4I0, with 36 Double Plalei, drawn lo a large scale, 
PhoIoiEraptilc Portriil of Jobn Hsnksbav, C.E.. F.R.5., Ac., and copioas 
descriptive Letleipress, Speciliuiiaiia, &c„ £3 ji. balf-morocco. 
Lill 0/ Ihi Ftala and Diagrams. 

<BplUS>; SouOiport rier ri'platOl; VktarLA j plalel) ^ Airnanj Plores; Suiptiuion Br^ge, 
SblfoD uid RooC 1- C & Dr aivd C- W. R. rfi Thanua u. p^m): T^ Allen En^at ; Sos- 

HUMBER'S RECORD OF MODERN ENGINEERING. Second 
Sehibs. Imp. ilo, wiih 36 Double Plales, Pbolographic Portmil of Robert 
Slepbenion. CB., M,P„ F.R,S., Ac, and coi^ous descriptive LeKerpress, 
Specificatkms, &e., £3 yt. half-morocco. 

LitI of the Plata and Diagrams. 

riua}i Chuln£ Cmt SUIini Voot, C- L- Mvrtliyr, Tredeeu, and AbernifaiDy Rail. 
RiHT'av |3 plUHl; DLeswell viaduct. Cr«t way; CoKwa Wood Vladoct ComnaD Roil. 
Monbam kdnr ; KoEbny WtxKl VladiKt, w^ % DubUn Wiater Falaca RihC Ja Dlal«> 1 

Way;CI)dadi Vladsn. Menbri. TTCdeeu. I (i plaleiji AJbutHubi»r,Cnaaixk(tidaH^ 



HUMBSR'S RECORD OF MODERN ENGINEERING. Third 

SiBiBS. Imp. 4<o, nitb 10 Double Plates, Pholographlc Portrait of]. R. 
M'Clcan, Esq., late Pres. lost. C.E., and copious descriptive Letlerpresa, 
Specification.. 4e., £3 31. half-morocco. 

Liil of tin Piaitt end Diagnmi. 



HUMBSR'S RECORD OF MODERN ENGINEERING. FonRTa 

Specificationih (kc, £3 3>'- half-moroKO. 

I of tht Plata and Cidgnmi. 
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THgofunnetrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geographical and 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c., with 
Useral Problems, Formulae, and Tables. By Lieut.-General Frome, R.E. 
Fourth Edition, Revised and partly Re- written by Captain Charles 
Warreh, R.E. With 19 Plates and 115 Woodcuts, royal 8vo, 16s. cloth. 



Contents.— Chap. I. General Outline of the 



System of carrying on a Trigonometrical Sur- 
vey. — Chap. II. Measurements of a Base Line. 
— Chap. III. Triangulation.— Chap. IV. Interior 
Filling- in of a Survey, either entirely or partially 
hy Measurement. — Chap. V. I^evellmg and 
Contouring.— Chap. VI. Levelling by Baro- 
meter and Thermometric Hypsometer.— Chap. 



VII. Plotting, Penning-in, Copying, and En- 
graving Typographical Plans. — Chap. VIII. 
Modelling.— Ix. Military Reconnaissance, and 



Hints on Sketching Ground, Colonial Survey- 
ing.- Chap. XI. Geodesical Operations con- 
nected with a Trigonometrical Survey. — Chap. 
XII. Practical Astronomy. — Problems, Tables, 
&c. 



"The simple fact that a fourth edition has been called for Is the best testimony to its merits. 
No words of praise from us can strengthen the position so well and so steadily maintained by this 
work. Captain Warren has revised the entire work, and made such additions as were necessary to 
bring every portion of the contents up to the present dsito."— Broad Arrow. 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late George Watson Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.C.E. Royal 8vo, 125. 
cloth. 

" The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, and it 
would be impossible to consult a better. '—Engineer. 

" Mr. Buck's treatise is recc^ised as a standard text-book, and his treatment has divested the 
subject of many of the intricacies supposed to belong to it. As a guide to the engineer and archi- 
tect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed."— ^Mi/</^n^ News. 

Bridge Construction in Masowry^ OOiniber and Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC^ 
TION OF MA SONR Y, TIMBER, A ND IRON. Consisting of 46 Plates from 
the Contract Drawings or Admeasurement of select Works. By W. D. 
Haskoll, C.E. Second Edition, with the addition of 554 Estimates, and the 
Practice of Setting out Works. Illustrated with 6 pages of Diagrams. Imp. 
4to, £2 125. 6d, halt-morocco. 

" A work of the present nature by a man of Mr. Haskoll's experience must prove Invaluable. 
The tables of estimates will considerably enhance its ydX\xe."— Engineerings. 

Earthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an average 
of 80 feet. By Joseph Broadbbnt, C.E., and Francis Campin, C.E. Crown 
8vQ| 5s. cloth. 

" The way in which accuracy is attained, by a dmple division of each cross section into three 
elements, two in which are constant and one variable. Is ingenious."— ^/A«i«rMm. 

Barlow's Strength of Materials, enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS; 
with Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Peter Barlow, F.R.S. A New Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkinson, Fairbairn, and Kirkaldy ; and 
FormulaB for Cidculating Girders, &c. Arranged and Edited by W. Humbbr, 
A-M. Inst. C.E. Demy Svo, 400 pp., with 19 large Plates and numerous 
Woodcuts, z85. cloth. 

** Valuable alike to the student, tyro, and the experienced practitioner, it will always rank in 
utnre at it has httheitodone, as the standard treatise on that particular subject."— i7M|ft>w«r. 
** A book which no engineer of any kind can afford to be without."— C^iWrfy GuartHan. 
** There is no greater authority tlian BKs\om."—Buiiding' News. 

**The book is undoubtedly wordiy of the highest commendation, and of an honourable place 
in the library of every engineer."— iA»i>tt youmai. 

*' . . . As « scientific work of the first das» it de s e rv e s a fonauottt phw on the bookshelves 
of erery civil engineer and practical mechanic."— fflt£V^A Mechanic, 
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Survey Practice. 

AID TO SURVEY PRACTICE, for Reference in Surveying^ LeveU 
ting, Setting'Out and in Route Surveys of Travellers by Land and Sea, With 
Tables, lUastrations, and Records. By Lowis D'A. Jackson, A.M.I.C.E., 
Author of ** Hydraulic Manual," " Modem Metrology," &c. I^arge crown 8vo, 
i2i.6i/. cloth. 

" Mr. Jackson has produced a valuable vade-mecum for the surreyor. We can recommend 
this book as containiosf an adnubrable supplement to the teaching of the accomplished surveyor." — 
jteMtHaum. 

" We cannot recommend to the student who knows something of the mathematical prindples 
of the subject a better course than to fortifv his practice in the field under a competent surreyor 
with a study of Mr. Jackson's useful maMuxaL"—BMildi»£^ News. 

" The author brings to his work a fortunate umon of theory and practical experience which, 
aided by a clear and lucid style of wiiting, renders the book a very useful oo»"—SHilder. 

Levelling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LEVELLING, Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads; with Mr.TBLFORo's Rules for the 
same. ByFREDBRiCK W. Simms.F.G.S., M. Inst. C.E. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwine's Field Practice of Laying*out Circular Curves. With 7 Plates 
and numerous Woodcuts, 8vo, 85. 6d, cloth. *«* Trautwinb on Ciurves, 
separate, 55. 

" The text-book on levelling in most of our engineering schools and colleges."— £n^>Mrr. 

" The publishers have rendered a substantial service to the profe^on, especially to the younger 
members, by bringing out the present edition of Mr. Simms' useful work." — Engineerings. 

Tunnelling. 

PR A CTICA L TUNNELLING. Explaining in detail the Setting- 
out of the works, Shaft-sinkingand Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S., 
M. Inst. C.E. Third Edition, Revised and Extended by D. Kin near Clark, 
M. Inst. C.E. Imp. 8vo, with 21 Folding Plates and numerous Wood Engrav- 
ings, 30s. cloth. 

"The estimation in which Mr. Sbnms' book on tunnelling has been held for over thirty years 
cannot be more truly expressed than in the words of the late Professor Rankioe : — ' The best 
source of information on tne subject of tunnels is Mr. F. W. Simms' work on Practical Tunnelling.' " 
— Architect. 

" It has been regarded from the first as a text-book of the subject. • • . • Mr. Clark has 
added immensely to the value of the \)o6it."— Engineer. 

" The additional chapters by Mr. Clark, containing as they do numerous examples of modem 
practice, bring the book well up to date."— Engineering. 

Statics, Graphic and Analytic. 

GRAPHIC AND ANALYTIC STATICS, in Theory and Compari- 
son : Their Practical Application to the Treatment of Stresses in Roofs, Solid 
Girders, Lattice, Bowstring and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. To which is added a Chapter on Wind Pres- 
sures. B^ R. Hudson Graham, C.E. With numerous Examples, many taken 
from existing Structures. 8vo, i6s. cloth. 

"Mr. Graham's book will find a place wherever graphic and analytic statics are used or studied. 
Enffifteer. 

" This exhaustive treatise is admirably adapted for the architect and engineer, and will tend 
to wean the profession from a tedious and laboured mode of calculation. To prove the accuracy ox 
the graphical demonstrations, the author compares them with the analytic formulae given by Ran- 
^va.%:'— Building News. 

"The work is excellent from a practical point of view, and has evidently been prepared with 
much care. The directions for working are ample, and are illustrated by an abimdance of well- 
seiected examples. It is an excellent text-book for the practical draughtsman."— ^<A€»<7wm. 

Strains f Formulce and Diagrams for Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 

IN GIRDERS AND SIMILARSTRUCTURES^AND THEIRSTRENGTH 

Consisting of Formulae and Corresponding Diagrams, with numerous details 

for Practical Application, &c. By William H umber, A-M. Inst. C.E.- &c. 

Third Edition. Crown Svo, nearly 100 Woodcuts and 3 Plates, 7s. 6d, cloth. 

The formulae are neatly expressed, and the diagrams good."— AtAeneeum. 

" We heartily commend this really handy book to oar engineer and architect retders."—£tt^ 

lish Htchanic. 
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Hydraulic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers, With New FormuiaB, Tables and General Information on Rainfall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R.I. A. Third Edition, care- 
fully revised, with considerable Additions. Numerous Illustrations. Crown 
8vo, 145. cloth. 

" Alike valuable to students and ens^ineers in practice ; its study win prerent the anneyance of 
aroidable failures, and assist them to select the readiest means of successfully carrying out any 
given work connected with hydraulic txngiaKenng."— Mining yournal. 

" It is, of all English books on the subject, the one nearest to completion. . . . From the 
.good arrangement en the matter, the clear explanations, and abundance of formulae, the carefully 
calculated tables, and, above all, the thorough acquaintance with both theorv and construction 
which is displayed from first to last, the book will be found to be an acquisition, —^rctilfec^ 

JRiver Engineering. 

RIVER BARS : The Causes of their Formation, and their Treatment 
by "Induced Tidal Scour." With a Description of the Successful Reduction 
by this Method of the Bar at Dublin. By I. J. Mann, Assist. Eng. to the 
Dublin Port and Docks Board. Royal 8vo, ys, 6d. cloth. 

" We recommend all interested in harbour works— and, indeed, those concerned in the improve- 
ment of rivers geiArally — to read Mr. Mann's interesting work on the treatment of river bars.' — 
£ngift€er, 

" The anther's discussion on wave-action, currents, and scour is intelligent and interesting. . . 
a most valuable contribution to the history of this branch of eng}acenag."—£n£in€eriM£- and 
Afining youmal. 

HydravlicSm 

HYDRA ULIC MANUAL, Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D'A. Jackson. Fourth Edition, Rewritten and En- 
larged. Large crown 8vo, i6s. cloth. 

" The author has had a wide experience in hydraulic engineering, both in South America and 
in India, and has been a careful observer of the facts which have come under his notice, as well as 
a painstaking collector and critic of the results of the experiments of others ; and from the great 
mass of material at his command he has constructed a manual which may be accepted as a trust- 
worthy guide to this branch of the engineer's profession. We can heartily recommend this 
volume to all who desire to be acquainted with the latest development of this important subject."— 
EngineeriMg: 

" The most useful feature of this work is its freedom from what is superannuated and its 
thorough adoption of recent experiments ; the text is, in fact, in great part a short accoimt of the 
great modem experiments."— Mt/Mrv. 

Trainwaya and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 
Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Steam, 
Heated Water, and Compressed Air ; a Description of the Varieties of Rolling 
Stock: and ample Details of Cost and Working Expenses: the Progress 
recently made in Tramway Construction, &c. &c. By D. Kinnear Clark, 
M. Inst. C.E. With over 200 Wood Engravings, and 13 Folding Plates. Two 
Vols., large crown 8vo, 30s. cloth. 

" AU interested in tramways must refer to it, as all railway engineers have turned to the author's 
work * Railway Machinery.'"— iE«^««r. 

" An exhaustive and practical work on tramways, in which the history of this kind of locomo- 
tion, and a description and cost of the various modes of laying tramways, are to be fotud. '— 
Building News. 

" The best form of rails, the best mode of construction, and the best mechanical appliances 
are so fairly indicated in the work under review, that any engineer about to construct a tramway 
will be enabled at once to obtain the practical information which will be of most service to him." — 
Athenautn. 

Oblique Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLIQUE ARCHES, By John Hart. Third Edition, with Plates. Im- 
perial 8vo, 89. cloth. 

Strength of Girders. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA- 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
GIRDERS, &c., for Parliamentary and other Estimates. By J. H. Watson 
Buck, M. Inst. C.E. On a Sheet, 2s.6d, 
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Ta6le« /or iSe^^in^-ime Curves. 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 
for Setting-dU Curves from 5 to 200 Radius. By Alexander Bba^bley, 
M . Inst C.B. Third Edition. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-pocket size, 3J. 6d. 

" Each tftble is printed on a small card, tiliich, belnir placed on tbe AeodoBte, leaves the hands 
free to manipulate the instrument— no small advantage as regards the rapidity otvroric.''— Engineer. 

"Very handy ; a man may know that all his day's work must foil on two of these card^ wbldb. 
he puts into his own card<ase, and leaves the rest behind."— ^/A/mrMw. 

Engineering Fieldwark* 

THE PRACTICE OF ENGINEERING FIELDWORK, applied 
to Land and Hydraulic, Hydrographie, and Submarine Surveying and Levelling. 
Second Edition, Revised, with considerable Additions, and a Supplement on 
Waterworks, Sewers, Sewage, and Irrigation. By W. Davis Haskoll, C.E. 
Numerous Folding Plates. In One Volume, demy 8vo, £1 5s. cloth. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS : A 
Practical and Theoretical Essay. By J. H. Watson Buci^ M. Inst C.B., 
Resident Engineer, London and North- Western Railway. Illustrated with 
Folding Plates, royal 8vo, 135. cloth. 

" Many of the methods given are of extreme practical value to the mason ; and the observations 
on the form of arcliL the rules for ordering the stone, and the construction of the templates will be 
found of considerable use. We commend the book to tbe engineering ptoiessioa."—BuiUiMg- 
Nrws. 

" Will be regarded by civil engineers as of the utmost value, and calculated to save much time 
and obviate many mistakes."— Coutery Guardian. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON^ 
TRA CTOR *S FIELD-BOOK. Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner ; setting-oat 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. By W. Davis Haskoll, C.E. With numerous Woodcuts, Fourth 
Edition, Enlarged. Crown 8vo, 12s. cloth. 

"The book is very handy, and tbe author might have added that the separate tables of sines 
and tangents to every minute will make it useful for many other purposes, the genuine traverse 
tables existing all the saiae."—AtAenautn. 

"Every person engaged in en^neering field operations will estimate the importance of such a 
tvork and the amount of valuable time which will be saved by reference to a set of reliable tables 
prepared with the accuracy and fulness of those given in this volume."— ^at/«Mij' News. 

Earthwork^ Measurement and Calculation of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, 
C.E. With numerous Diagrams. i8mo, zs. 6i. cloth. 

" A great amount of practical information, very admirably arranged, and available or roug-h 
stimates, as well as for the more exact calculations required in tlie engineer's and contractor's 
fBces. "—Artixan. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. Smeilds, M. Inst. C.E. 
Second Edition, with 5 Plates. Royal 8vo, 55. cloth. 
"The student cannot find a better little book on this subject"— ^M^M^^r. 

Strength of Cast Iron, etc. 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS. By Thomas TafeDGOLD, C.E. Fifth 
Edition, including Hodgkinson's Experimental Researches. 8yo, X2S. cloth. 
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MECHANICS & MECHANICAL ENGINEERING, 

Mechanic's Workshop Companion. 

THE OPERATIVE MECHANICS WORKSHOP COM- 
PANJON, AND SCIENTIFIC GENTLEMAN'S PRACTICAL ASSIST- 
ANT. Comprising a great variety of the most nsefal Rules in Mechanical 
Science: with numerous Tables of Practical Data and Calculated Results. 
By W. TBMPLBTON, Author of "The Engineer's Practical Assistant." Thir- 
teenth Edition. With Tables for Operative Smiths, Millwrights, Engineers, 
Ac.j and Useful and Practical Rules in Hydraulics and Hydrodynamics, a 
variety of Experimental Results, and an extensive Table of Powers and 
Roots, zx Plates, zamo, 5s. bound. 

" As a text-book of reference, in which mechanical and commerdal demands are Judiciously 
met, 'Templeton's Companion ' stands unrivalled."— ^«cAa»^x Magazine. 

"It has met with great success in the engineering workshop, as we can testify ; and there are 
a great many men whob in a great measure, owe their rise in ufe to this little wxik^"—SuUding 
News. 

Engineer's and Machinist's Assistant. 

THE ENGINEER*S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT. Comprising a collection of Useful Tables, 
Rules and Data. Compiled and Arranged, with Original Matter, by William 
Tbmplbton. Seventh Edition. Carefully revised, with Additions. i8mo, 
as. 6d. cloth. [3^Mst published. 

"With the utmost confidence we commend this book to the attention of our readers."— 
JHecAanic's MaMttine. 

"A more suitable present to an apprentice to any of the mechanical trades could not possibly 
be maLde:'—Buildin£rjy€WS. 

Mechanics. 

THE HANDBOOK OF MECHANICS. By Dionysius Lardner, 
D.C.L., formerly Professor of Natural Philosophy and Astronomy in Uni- 
versity College, London. New Edition, Edited and considerably Enlarged 
by Bbnjamin Lobwy, F.R.A.S., &c. 378 Illustrations, post Svo, 6s. cloth. 

"The explanations throughout are studiously popular, and care has been taken to show the 
application or the yarlous branches of physics to the industrial arts, and to the practical business of 
life."— Ji/»>«i1«(^ y<ntmat. 

Turning. 

LATHE'WORK : A Practical Treatise on the Tools, Appliances, 
aftd Proc$sses employed in the Art of Turning. By Paul N. Hasluck. 
Second Edition, thoroughly Revised, with a New Cfhapter on the Screw- 
cutting Lathe. Crown Svo, 5s. cloth. 
" Written by a man who knows, not only how work ought to be done, but who also knows how 

to do it, and how to convey his knowledge to others. To all turners this book would be valuable."— 

Engineering. 

We can^fely recommend the wor)c to young engineers. To the amateur it will simply be 

de " . .. _ - 



invaluable. To the student it will convey a great deal of useful \aSorTDiaX\oTi."— Engineer, 

"A compact, succinct and handy guide to lathe-work did not exist in our language until Mr. 
Hasluck, by the publication of this treatise, gave the turner a true vade-m€cunu"-^nouse Decorator. 

Metal Turning. 

THE METAL TURNER'S HANDBOOK. By Paul N. 
Hasluck. With over zoo Cuts. Second Edition, revised. Crown Svo. 

[In the press. 

Iron and Steel* 

" IRON AND STEEL " ; A Work for the Forge, Foundry, Factory, 
and Office. Containing ready, useful, and trustworthy Information for Iron 




Builders, and Professional Draughtsmen. 

-The Slide Rule," - — - • - ^ • ~ 

Enlarged. 

English Foot^ 

Decimal Equivalents, &c." Oblong asmo.'leather, elastic band, 65. 
" For conAprehenslveness the book has aot its equal"— /mm. 

"Ooaof tae bast of the pocket books, and a ueftil companion In otfatr bnmchet of work than 
iron and steel."-^ffM|^<fi* Mechanie, 
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Stone-working Machinery. 

STONE-WORKING MACHINERY, and tlit Rapid aitd Eanumi- 

□CStoDsWOTki. B7'M.PawisBA°i!M.I.M.E.,A.£l.CE. Witb DDmeroui 
lUutlralioDi. Large crown 8vo, 91. clolb. 

Engineer'^ Reference Book. 

THE WORKS' MANAGER'S HANDBOOK OF MODERIT 
ROLBS, TABLES, AND DATA. For Engiiieer«, Millwrighls, and BoUer 
Milien; Tool Maker*. Micbinisls, »i.d Metil WotLen; Iran and Brass 
Fouqden, At By W. S. Hyrron. Civil and Maehanical rinpneer. Second 
iioDjCat jongly bound. ' ' [Just {••'btiskcd. 




Engineering Construction. 

PATTERN-MAKING : A Praclical Treatisi, embracing the Main 
Types of Eneineerine Conalmction, and inclading Gearing, boiti Hand and 
Macbiae made. Enifne Work, Sheaves and PulTeis. Pipes and Columns. 
Screws. Machine Parts, Pumps and Cockj, Ihe Moulding of Patterns in 
Loam and Greensand. &c , together with Ihe melfaeds 0I Eslimating tho 
weight of CasliDgs; to which is added an Appendii of Tables for Workshop 
Reference. By a Fo>iew*ii PiTTeRS Miuiai. With upwards of Three 
Hundred and Seventy Illustrations. Crown Svo. y 6>l.clotb. Uust publishid. 

Smith's Tables for Mechanics, etc, 

TABLES. MEMORANDA. AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS. He. 
Selected nnd Arranged by Fiancis Suith. Third Edition, Revised and Bs- 
larged, Jjopp., waialcoal-pockel size, 11. M. limp leather. [Jtal pubtishtd. 

The High-Pressure Steam Engine, 

THE HIGH-PRESSURE STEAM-ENGINE : An Extositiott 
of ill Comparatim Mirils and an Essay lottards a* ImprectdSyslcm e! Canslnic- 
ticm. By fc. ESNSI ALBaB. Translated from the German, witb Notes, by 
Dr.PoLE, M. Insi.C.E., &C. With >S Plates. Svo. ifis.M. cloth. 

•SA and diMIvii a pine In tKry idiiiillc Ibra^-S^ Sitip/fnf Ctrtrnjui. PP*°a' 
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Steam Bailers. 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
struction, and Economical Working, By Robert Wilson, C.E., late In- 
spector, Manchester Steam Users^ Association. Fifth Edition. X2mo, 6s. 
cloth. 

" The best treatise that has erer been published on steam boilers."— f^v^/M^r. 
"The author shows himself perfect master of his subject, and we heartily recommend all exz^ 
pmyiag steam power to possess themselves of the yrotk^"— Roland's Iron Trade Circular. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With Ex- 
amples of Practical Geometry and Templating, for the Use of Platers^ 
Smiths and Riveters. By John Courtney, Edited by D. K. Clark M.I.CE. 
Second Edition, revised, with Additions, lamo, 55. half-bound. 
" A reliable sfuide to the working: boUer-malcer."— /r^M. 

" Boiler-makers will readily recognise the value of this volume. . . . The tables are clearly 
printed, and so arranged that they can be referred to with the ereatest ikcllity, so that it cannot be 
doubted that they wiU be generally appreciated and much us^."— -Mining youmal. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
GooDBVB, M.A , Barrister-at-Law, Author of " The Elements of Mechanism,'* 
&c. Sixth Edition. With numerous Illustrations. Crown 8vo, 6s. cloth. 

"Professor Goodeve has given us a treatise on the steam engine which will bear comparisoa 
with anything written by Huxley or Maxwell, and wc can award it no higher praise."— £ngin€er. 

Steam,. 

THE SAFE USE OF STEAM. Containing Rules for Unw 

professional Steam-users. By an Engineer. Fifth Edition. Sewed, 6d. 

" If steam-users would but learn this little book by heart, boiler explosions would become seo* 
sations by their xaAty."— English Mechanic. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for 
Engineers and Steam-users. By Nelson Foley, Author of " Boiler Con- 
struction." Pocket-size, 35. 6d. cloth ; 45. leather. 



Contents : 



and Cumbrae).— Table 9. Decimal Equivalent* 
of Time. — Table xo. Knots per Hour in ft. per 
min.— Table ix. Constants for I.H.P.— Table 
xa. Decimals of Cwts. in lbs. — Table xq. Mea- 
sures of Weight I also Miscellaneous Results 
— Combustion, Air required. Stoking, &c. — 
Time and Speed Examples. 



Table z. Decimals of Tons in cwts., qrs., 
lbs. — Table a. Consumption per Day per I.H.P. 
— Table 3. Consumption per Hour per I.H.P. 
— Table 4. Consumption per Day per sq. ft. 
grate. — Table 5. Consumption per Hour per 
sq. ft. grate. — Table 6. Stowage of Coal and 
Composition. — ^Table 7. Knots per Hour (Mea- 
sured Mile).— Table 8. Knots per Hour (Cloch 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Management : Re- 
marks on Fire-Proof Buildings, and the Preservation of Life from Fire ; 
Statistics of the Fire Appliances in English Towns ; Foreign Fire Systems ; 
Hints on Fire Brigades, &c. &c. By Charles F. T. Young, C.E. With 
numerous Illustrations, 544 pp., demy 8vo, 3^1 45. cloth. 

" To such of our readers as are interested in the subject of fires and fire apparatus, we can most 
heartily conunend this book. Xt is really the only English work we now have upon the subject." — 
Engineering. 

" It displays much evidence of careful research ; and Mr. Young has pot his facts neatly 
together. It is evident enough that his acquaintance with the practical details of the construction of 
steam fire engines, old and new, and the conditions with which it is necessary they should comply,. 
is accurate and fvJL"—Ettgineer. 

Oas lAghting. 

COMMON SENSE FOR GAS-USERS: A Catechism of Gas- 
L^hting for HouseMders, Gasfitters, Millowners, Architects, Engineers, etc. 
By Robert Wilson, C.E., Author of "A Treatise on Steam Boilers." 
Second Edition. Crown 8vo, sewed, with Folding Plates and Wood En- 
gravings, 2s. 6d. 

" All jras-users wiQ decidedly benefit, both in pocket and comfort, if they will avail themselve» 
of Mr. WDson's coaaaeis."— Engineering. 
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THE POPULAR WORKS OF MICHAEL REYNOLDS. 

{Knoum a$ ** Thb Bmqimb Driver's Friend "). 

jLoeofnoHve^Enffine Ihriving^ 

LOCOMOTIVE-ENGINE DRIVING : A Practical Manual for 

Engineers in charge of Locomotive Engines, By Michael Reynolds, Member 

of the Society of Engineers, formerly Locomotive Inspector L. B. and S. C. R. 

Sixth Edition. Including a Key to the Locomotive Engine. With lUas- 

trations and Portrait of Author. Crown 8vo, 45. 6d. cloth. 

" Mr. Reynolds has supptted a want, and has supplied h well. We can confidently recommend 
the book, not only to the practical driver, but to everyone who takes an interest in the performance 
of k>coniotive engines."— 77k« Engineer. 

" Mr. Reynokls has opened a new chapter in the Hteratvre of the day. Of the practical utility 
of Mr. Reynolds's book we have to speak In terms of warm commendation."— ^/A«»«»»«. 

"Evidently the work of one who knows his subject thoroughly."— ^ai/wocy Service Gajtette. 

" Were the cautions and rules given in the book to become part of the every<^y working of 
our engine-drivers, we might have fewer distressing accidents to deplore."— \Sail^OTaff. 

The Engineer, Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors, with a project for the establishment of Certifi- 
cates of Qualification in the Running Service of Railways. By Michael 
Reynolds, Author of " Locomotive-Engine Driving." With numerous Illus- 
trations and a fine Portrait of George Stephenson. Crown 8vo, 45. 6d. cloth. 

" From the technical knowledge of the author it will appeal to the railway man of to-day more 
forcibly than anything written by Dr. Smiles. . . . The volume contains mformation of a tech- 
nical kind, and facts that every driver should be familiar wKb"—Ett£riish Mechanic. 

" We should be glad to see this book in the possession of everyone in the kingdom who has 
over laid, or is to lay, hands on a locomotive engine."— /r»«. 

" Replete with information and graphic detail for the railway man."— ^a>/«wsy Service Gaxette. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Enpneers in charge of Stationary Engines. By Michael Reynolds. Second 
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 4s. 6d. cloth. 

"The author is thoroughly acquainted with his subjects, and his advice on the various points 
treated is clear and practioil. . . . He has produced a manual which is an exceedingly useful 
one for the class for whom it is specially intended."— fnft'n««rt»^. 

"Our author leaves no stone unturned. He is determined that his readers shall not only know 
something about the stationary engine, but all about it."— Engineer. 

" An engineman who has mastered the contents of Mr. Reynolds's book will require but little 
actual experience with boilers and engines before he can be trusted to look after them."— jE'»^/wA 
Afec/tanic. 

"The book should be possessed by every Intelligent and ambitious engineman."— ^Mt^i&r. 

Continuous ^Railway Brakes, 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 
the several Systems in Use in the United Kingdom ; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michael 
Reynolds. Large crown 8vo, gs. cloth. 

" A popular explanation of the different brakes. It will be oc great as^tance in forming public 
opinion, and will be studied with benefit by those M-ho take an interest in the brake. ... It is 
a clear exposition of the brake question as it relates to the rival systems."— EngiisA Mechanic. 

"Written with sufficient technical detail to enable the principle and relative connection of the 
various parts of each particular brake to be readily ^j^spea."— Mechanical World. 

" May be recommended to all who desire to study the subject of continuous brakes."— /titm. 

Engine-Driving Life. 

ENGINE-DRIVING LIFE; or. Stirring Adventures and Inci^ 
dents in the Lives of Locomotive-Engine Drivers, By Michael Reynolds. 
Eighth Thousand. Crown 8vo, 25. cloth. 

" The book from first to last is perfectly fascinating. Wilkie Collins' most thrilling conceptions 
ars thrown into the shade by true incidents, endless in their variety, related inevery page."— iV<7rM( 
British Mail. 

"Anyone who wishes to get a real insight into railway life cannot do better than read ' Engine- 
Driving Life ' for himself ; and if he once takes it up he will find that the author's enthusie^m and 
h« engine^driving profession will cany him on till he has read every ^agp,"SatureUny 
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ARCHITECTURE, BUILDING, etc. ii 

AROHITEOTURE, BUILDING, etc. 

Consf/mction^ 

THE SCIENCE OF BUILDING : An Elmentary Treatise on 
the Principles of Construction. By £. Wyndham Tarn, M^A.. Architect. 
Second Edition, Revised, with 58 Engravings. Crown 8vo, ys. 6a. cloth. 

" A very valuable book, which we strongly recommend to all students."^BuiUer. 

" No architectural student should be without this handbook of constructional knowledge."— 

Villa Architecture^ 

A HANDY BOOK OF VILLA ARCHITECTURE : Being a 
Series of Designs for Villa Residences in various Styles. With Outline 
Specifications and Estimates. By C. Wickbs, Architect, Author of "The 
Spires and Towers of England," &c. 30 Plates, 4to, half-morocco, £1 is, 
*^* Also an Enlarged Edition of the above. 6x Plates, with Outline Speci- 
fications, Estimates, &c. £2 as. half-morocco. 

" The whole of the designs bear evidence of their being the work of an artistic architect, and 
they will prove very valuable and suggestive."— Bui/diHi" News. 

Useful Text'Book for Architects. 

THE ARCHITECTS GUIDE: Being a Text-Book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, Clerks of 
Works, &c. &c. By Frederick Rogers, Architect, Author of " Specifica- 
tions for Practical Architecture," &c. Second Edition, Revised and Enlarged. 
With numerous Illustrations. Crown 8vo, 6s. cloth. 

" As a text-book of useful information for architects, engineers, surveyors, &c., it would be 
hard to find a handier or more complete Uttle vol\xme."—StaHaard. 

"A young architect could hardly have a l}etter guide<book."— TYm^^r Trades yourttal. 

Taylor and Cresy^s Home. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.R.I. B.A., and Edward Crbsy, Esq. New 
Edition, thoroughly revised by the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Fellow of Queen's College, Oxford, and Chap- 
lain of Gray's Inn. Large folio, with 130 Plates, half-bound, ^^3 3s. 

N.B. — ^This is the only book which gives on a large scale, and with the pre- 
<:ision of architectural measurement, the principal Monuments of Ancient Rome 
in plan, elevation, and detail. 

"Taylor and Cresy's yrotk has from its first publication been ranked among those professional 
books which cannot be bettered. ... It would be difficult to find examples of drawings, even 
among those of the most painstaking students of Gothic, more thoroughly worked out than are the 
one hundred and thirty plates in this yolwtae."— Architect. 

JDrawingfoT Builders and Students in Architecture. 

PRACTICAL RULES ON DRAWING, for the Operative 
Builder and Young Student in Architecture. By Gborqe Pynb. With 14 
Plates, 4to, ys. 6d. Boards. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Survejrorj and Builder ; with an Essay 
on the Structure and Science of Modern Buildmgs. By Frederick Rogers, 
Architect. With numerous Illustrations, demy 8vo, 15s. cloth. 

*«* A volume of specifications of a practical character being greatly required, and the old 
standard work of Alfred Bartholomew being out of print, the author, on the oasis of that work, 
has produced the »bove.—£x(ract/'rom Preface. 

The House^Owner's Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What will it Cost 
to Build, Alter, or Repair? A Price Book adapted to the Use of Unpro- 
fessional People, as well as for the Architectural Surveyor and Builder. By 
the late James D. Simon, A.R.I.B.A. Edited and Revised by Francis T. W. 
Miller, A.R.I.B.A. With numerous Illustrations. Third Edition, Revised. 
Crown 8vo, 3s. 6d, cloth. 

" In two years it will repay its cost a hundred times oyer. "—FieU, 
«' A very handy bo<3k."^£n£mA Mechanic^ 
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Civil Architecture, 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 
By Sir William Chambbbs, F.R.S. With Illastrations, Notes, and an 
Examination of Grecian Architecture, by Josbph GwiLTi F.S.A. Edited by 
W. H. Lebos. 66 Plates, 4to, 21s. cloth. 

Designing f MetMuring, and Valuing, 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORKS. Containing Directions for 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants, and copious Memoranda for the Valuation of 
Labour and Materials in the respective Trades of Bricklayer and Slater, 
Carpenter and Joiner, Painter and Glazier, Paperhanger, &c. With 8 Plates 
and 63 Woodcuts. Originallv edited by Edward Dobson, Architect. Fifth 
Edition, Revised, with consiaerable Additions on Mensuration and Construc- 
tion, and a New Chapter on Dilapidations, Repairs, and Contracts, by E. 
Wyndham Tarn, M.A. Crown 8vo, 95. 

" Wen fulfils the promise of its title-pafiv, and we can thorouf^My recommend it to the class 
for whose use it has been compiled. Mr. Tarn's additions and revisions haTe much increased the 
usefulness of the work, and have especially augmented its value to stodents."— f «|fiM«en'»f . 

"The work has been carefully revised and edited by Mr. E. Wyndham Tarn, M.A., and coh^ 
prises several valuable additions on construction, mensuration, dilapidations and repairs, and other 
matters. . . . This edition will be found the most complete treatise on the principles of measur> 
itig and valuing artificers' work that has yet been iMbiished.''—Bui/dt'*^ JVewt. 

" Might be read and studied with advantage by almost everyone having any connectioa with 
building operations, from the architect downwards. '—^Mt/(fftMjr IVorld. 

JPochet Estimator, 

THE POCKET ESTIMATOR for the BUILDING TRADES. 
Being an Easy Method of Estimating the various parts of a Building collec- 
tively, more especially applied to Carpenters' and Joiners' work. By A. C 
Beaton, Author of " Quantities and Measurements." Third Edition, care- 
fully revised, 33 Woodcuts, leather, waistcoat-pocket size, is. 6d. 

"Contains a good deal of information not easily to be obtained from the ordinary price books. 
The prices given are accurate, and up to date." — Building News. 

"This book is as complete as it is possible to make \t"— Building and Engintiering Times. 

BuUder^s and Surveyor's Pocket Technical Guide, 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS. Containing a Complete Explana- 
tion of the Terms used in Building Construction, Memoranda for Reference, 
Technical Directions for Measuring Work in all the Building Trades, with a 
Treatise on the Measurement of Timber, Complete Specifications, &c., &c. 
By A. C. Beaton. Second Edition, with 19 woodcuts, leather, waistcoat- 
pocket size, 15. 6d. 
"An exceedingly handy pocket companion, thoroughly reliable."— i^Mf/iilrr'f JFeekly Reporter. 

" This neat little compendium contains all that is requisite in carrying out contracts for ex- 
cavating, tOing, bricklaying, paving, &c."— British Trade youmal. 

Handbook of Specifications, 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 
gineers. By Professor T. L. Donaldson, P.K.I. B. A., &c. New Edition, in 
One large Vol., 8vo, with upwards of 1,000 pages of Text, and 33 Plates, 
£1 us. 6d, cloth. 

" In this work forty-four specifications of executed works are given, including the specifica- 
tions for parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Roval 
Exchange, by Mr. Tite, M.P. The latter, in particular, is a very complete and remarkaSlet 
document. It embodies, to a great extent; as Mr. Donaldson mentions, 'the bill of quantities: 
with the description of the worlcs.' ... It is valuable as a record, and more valuable still as a. 
book of precedents. . . . Suffice it to say that Donaldson's 'Handbook of Specifications* 
must be bought by all architects."— ^»t^er. 

Boiler and Factory Chimneys, 

BOILER AND FACTORY CHIMNEYS: Their Draught-power 
and Stability ; with a Chapter on Lightning-Conductors. By Robert Wii^ 
SON, C.E., Author of "Treatise on Steam Boilers." Cr. 8vo, 3s. 6d. cloth. 
*' a most valuable book of its kind, full of useful information."— Zmo/ Government ChroniOe.. 
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DECO BATIVB ART S, etc. 
Woods and Marbles (Imitation of). 

SCHOOL OF PA INTING FOR THE IMITA TION OF WOODS 
AND MARBLES, as Taughl and Pracliaed by A. K. ViM Dsit Burg and P. 
Van DiH Burg. Directors of lfa« Rollerdun PaiDline loscilution. Rajalfollo, 
i8t by 111 ia., lllustraied with u fuU-size Coloured plalee; also 11 plain PlaUe, 
comprising 154 Figures, price £a isj. M. 




.^^^_^,^f^,^u^^.^: 



i I 



Colour, 

A CRAWMAR OF COLOURING. Applied to Decorative 
Paintjogandiha Arts, BjGeorgb Fibld. New Edition, adapled tolbeusa 
of ttsOmamoDtal Painter and Designer. BjEllisA. D*vinsoK. With New 
Coloured Diagrams and Engravings, iimo, 3:. dd, clotb boards. 

Gl€tss Paintinff. 

GLASS STAINING AND THE ART OF PAINTING ON 
CLASS, From the German of Dr. Gessebt and Euahuei. Otto Frokbibs. 
With an Appesdic on The Art of Ehauellihg. iimo, 21. 6d. clotb limp, 

I>ecoration, 

ELEMENTARY DECORATION. A Guide lo tlie Simpler 
Forms of Everyday ATI, as applied to the Interior and Eiterior Decoration 01 
DnelllDg Houses, Etc. By Uuss W. Facev, Jus. Wild 68 Cuts, iimo, u. 
clotb limp. 

Mouse Fainting, etc, 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
K'R/rJNG, A Practical Manual of. ByELLisA,DAVit>50N. Fourth Edili™. 
With Colonred Plates and Wood Engravings, liiaa, 6s. clotb boards. 
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DELAMOTTE'S WORKS on ILLUMINA TION & ALPHABETS. 



A PRIMER OF THE ART OF ILLUMINATION, for the Use of 
Beginners : with a Rudimentary Treatise on the Art, Practical Directions for 
its exercise, and nuxnerous Examples taken from Illuminated MSS., printed in 
Gold and Colours. By F. Delamotte. Small 4to, 95. elegantly bound, cloth 
antique. 

" . . . . The examples of ancient MSS. recommendecl to the student; which, witib much 

Eood senses the author chooses from collections accessible to aU, are selected with jud^n^ent and 
nowledge, as well as taste."— y^/A^w^2«m. 

ORNAMENTAL ALPHABETS, Ancient and Mediavah from the 
Eighth Century ^ with Numerals; including Gothic, Church-Text, large and 
small, German, Italian, Arabesque^ Initials for Illumination, Monograms, 
Crosses, &c., &c., for the use of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, D6cbrative Painters, Lithographers, En^avers, 
Carvers, &c., &c. Collected and Engraved bv F. Dblamotte, and prmted in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, 2S. 6d, ornamental 
boards. 

" For those who insert enamelled sentences round gilded chalices, who blszon shop legends over ' 
shop-doors, who letter church walls with pithy sentences from the Decak^^ue, this book will be use- 
ful, —A th€tugum. 

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental;. 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and Engraved by F. Delamottb, and printed in Colours. New 
and Cheaper Edition. Royal 8vo, oblong, 2s. 64. ornamental boards. 

"There is comprised in it every possible shape into which the letters of the alphabet and 
numerals can be formed, and the talent which has bieen expended in the conception of^the various 
plain and ornamental letters is wonderful."— ^Stemftfrdf. 

" This volume has borne the test of practical use, and is invariably spoken well of b those who 
possess it."— ynw/&r artd Metal-ioorker, 

MEDIJEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NA TORS. By F. Delamotte, Illuminator, Designer, and Engraver on Wood. 
Containing 21 Plates and Illuminated Title, printed in Gold and Colours. 
With an Introduction by J. Willis Brooks. Small 4to, 6s. cloth gilt. 

" A volume in which the letters of the alphabet come forth glorified in gilding and all the colours 
of the prism interwoven and intertwined and intermingled."— ^^^n. 

THE EMBROIDERER'S BOOK OF DESIGN. Containing 
Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modern Alphabets, and National Emblems. Col- 
lected by F. Delamotte, and printed in Colours. Oblong royal 8vo, is. 6d., 
ornamental wrapper. 

" The designs are practical— not designs that cannot be done In emtecndery ; and the book will 
no doubt be found exceedingly useful in the lady's work-room and in schools.''— NeTvcasi/^ Couran^. 

"The book will be of great assistance to ladies and voung children who are endowed with the 
art of plyhig the needle in this most ornamental and useml pretty work."— £ar/ An^iian Tirfus. 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs; with 

Hints on Design. By A Lady. With Ten large Plates, 2s. 6d. in emblematic 

wrapper. 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt from.* A 
Lady's ' publication."— ^£%«n<?Mm. 

" The directions given are plain and easily understood."— £fl|f/£rA Mechanic 

Letter Bainting. 

THE ART OF LETTER PAINTING MADE EASY, By 

tAMBS Grsig Baoenoch. With 12 fall-page Engravings of Examples, is. cloth 
imp. 

"Th« system is a dmple one, but quite ordinal, and well worth the careful atteotlwi of letter, 
painters, ft can be easily mastered and remembered."— ^w^tnif News, 
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CARP ENTRY, TIMBE R, etc. 

Tredgold'8 Carpentry ^ Enlarged by E. W. Tarn, 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist* 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Uniting Iron and Stone with Timber, &c. To which is added an Essay- 
on the Nature and Properties of Timber, &c., with Descriptions of the kinds 
of Wood used in Buildmg ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, the Specific Gravities of Materials, &c. By Thomas 
Tredgold, C.E. With an Appendix of Specimens of Various Roots of Iron 
and Stone, Illustrated. Sixth Edition, thoroughly revised and considerably 
enlarged by E. Wymdham Tarn, M.A., Author of "The Science of BuilcU 
ing," &c. With 61 Plates, Portrait of the Author, and several Woodcuts. In 
one large vol., 4to, price £i 5s. cloth. IJusi published. 

"Ousfht to be in every architect's and every builder's \ibnry."—'Sui!der. 
"Tredgold's 'Elementary Principles of Carpentry' is, without doubt, the standard English 
authority upon the subject. Mr. Tarn, by^ supplementing^ the tejft of the author, adds much to the 
worlc, and malces it an indispensable addition to the library of the student, the architect, and the 
enf^ncer."—Suildinj^ News, 

Woodworking Machinery. 

WOODWORKING MACHINERY : Its Rise, Progress, and Con- 
struction. With Hints on the Management of Saw Mills and the Economical 
Conversion of Timber. Illustrated with Examples of Recent Designs by 
leading English, French, and American Engineers. By M. Powis Bale, 
A.M. Inst. C.E., M.I.M.E. Large crown 8vo, 125. 6d. cloth. 

" Mr. Bale is evidently an expert on the subject, and he has ctrilected so much information that 
his book is all-sufficient for builders and others engaged in the conversion of timheT."—j4rchitect. 

"The most comprehensive compendium of wood- working madunery we have seen. The 
author is a thorough master of his svh^ect."-~Bui/diH^ News. 

" Converters of timber, wholesale joiners, the members generally of the buQding trades, archi- 
tects, and owners of and dealers in timber, owe Mr. Bale tribute to the value of the cost of his 
book. It is sound from end to end, well designed and well executed."— /r«M. 

" The appearance of this book at the present time will, we should think, give a considerable 
impetus to the onward march of the machinist engaged in the designing and manufacture of 
wood-workmg machines. It should be in the office of every wood-worldng t&cXxxry.^-^English 
Mechanic. 

Saw Mills. 

SA W MILLS : Their Arrangement and Management, and the 
Economical Conversion of Timber. (Being a Companion Volume to " Wood- 
working Machinery.") By M. Powis Bale, A.M. Inst. C.E., M.I.M.E. 
With numerous Illustrations. Crown 8vo, los. 6d. cloth. 

"The author is favourably known by his former work on 'Woodworking Machinery,' ofwfaidt 
wc were able to speak approvingly. This is a companion volume. In which the administratUn of 
a large sawing establishment is discussed, and the subject examined from a financial standpoint. 
Hence the size^ shape, order, and disposition of saw-mills and the like are ^one into in.aetail, 
and the course of tne tfanber is traced from its reception to its delivery in its converted state. 
We could not desire a more complete or practical treatise."— i9Mt/(f«r. 

" We highly recommend Mr. Bale's work to the attention and perusal of all those who are en- 
gaged in the art of wood conversion, or who are about building or remodelling saw-mills on im- 
proved principles."— ^Mtf(ff>v News. 

"Will be found of much value by that tpedal class of readers for whose information it Is de- 
signed. We recommend the book to those about to construct or to manage SAm-mii&."~-AtkerueMtn. 

Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND : also Lineal, Superficial, Cubical, Wages, 
Marketing, and Decimal Tables. Together with Tables ior Converting 
Land-measure from one denomination to another, and Instructions for 
Measuring Round Timber. By Richard Hortom. xamo, 2S. strongly bound 
in leather. 

Carpentering. 

THE CA RPENTER^S NEWG UIDE ; or, Book of Lines for Car- 

Knters : comprising all the Elementary Principles essential for acaoiring a 
owledge of Carpentry. Founded on tne late Peter Nicholson's Standard 
Work. A New Edition, revised by Arthur Asrpitel, F.S.A. Together 
with Practical Rnles on Drawing, by Gborob Pymb. With 74 Plates, 
4to, £1 IS. cloth. 
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Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PA NION. Containing New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, of all sizes, from One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
given Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
Square Timber to any given Price per Load of 50 Feet ; the proportionate 
Value of Deals and Battens by th6 Standard, to Square Timber by the Load 
of so Feet ; the readiest mode of ascertalmng the Price of Scantling per 
Lineal Foot of any size, to any given Figure per Cube Foot. Also a variety 
of other valuable information. By William Dowsing, Timber Merchant. 
Third Edition, Revised and Corrected. Crown 8vo, 3s., cloth. 

"ETerythinf is as concise and clear as it can possibly be made. There can be no doubt that 
every timber merchant and builder ought to possess lU"—HuU Advertiser. 

" We are glad to see a third edition of these admirable tables, which for correctness and 
simplicity of arrangement leave nothing to be desired."— TYmter TV-ades youmat, 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 
for the use of Building Contractors, Surveyors. Builders, &c., comprising 
useful Tables for all purposes connected with the Timber Trade, Marks ot 
Wood. Essay on the Strength of Timber, Remarks on the Growth of Timber, 
&c. By W. Richardson. Fcap. 8vo, 35. 6d. cloth. 

" This handy manual contains much valuable information for the nse of tfanbcr merchants, 
builders, foresters, and all others connected with the growth, sale^ and manu&cture of timber.' — 
youmal of Forestry. 

" To timber merchants or users this compact treatise wfll be found very n9^\iiL"~-/Uustrated 
Carpenter. 

Timber Freight Book. 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William 
Richardson, Timber Broker ; together with a Chapter on " Speeds of Saw 
Mill Machinery," by M. Powis Balb, M.LM.E., &c. zsmo, 35. 6d, cloth. 

Tables for Backing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Super- 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Second Edition. Oblong 4to, ss. 6d. 
cloth. 

"Will save much labour and calculation to makers and users of packing-oases."— <;»v£er. 
" Invaluable labour-saving tables."— Ironnumger 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from x to aoo inches in length, by i to 108 
inches ia breadth. Fqt the use of Architects, Surveyors, Engineers, Timber 
Merchants, Builders^ &c. By Jambs Hawxings. Third Edition. Fcap., 
35. 6d, cloth. 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford In- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F. B. 
Hough. Large crown 8vo, los. cloth. 

Tifnber Importer's Guide. 

THE TIMBER IMPORTER '5, TIMBER MERCHANTS AND 
BUILDER'S STANDARD GUIDE. By Richard E. Grandy. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
Values and Tabular Arrangements for fixing Nett Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight 
Insurance, &c., &c. ; toi2;etber with copious Information lor the Retailer 
and Builder. Second Edition, carefully revised and corrected. i2mo, 3s. 6d 
cloth boards. 

«• Everythlna: it pretends to be : built up eradually, it leads one from a forest to a treenail, and 
fhroT s la. as a makeweight, a host of material concerning bricks, columns, cisterns, &c,"—£fi^isA 
Mechanic, * 
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MINING A ND MINING IN DUSTRIES, 

Mining in the United Kingdom. 

BRITISH MINING : A Treatise on the Histot^, Discovery, Practical 
Development, and Future Prospects of Metalliferous Mines in the United King- 
dom. Bv Robert Hunt, F.R.S., Keeper of Mining Records; Editor ot 
" Ure's Dictionary of Arts, Manufactures, and Mines,'^ &c. Upwards of 950 
pp., with 230 Illustrations. Super-royal 8vo, £s 35. cloth. 

Synopsis of Contents : 



Book I. Historical Sketch of British 
MINING:— Chap. I. Mining rrevious to the 
Roman Invasion.— II. Mining during the 
Roman Occupation. — III. Mining to the 
Eighteenth Century.— IV. Mining for Tin 
and Copper to the End of the Eighteenth 
Century.— V. Mining for Lead, Siivcr, &c., 
to the End of the Eighteenth Century.— VI. 
Gold, Plumbago, Iron Ore, and Sundries to 
the End of the Eighteenth Century. 

Book II. on the formation of metal- 
LiPBROUS Deposits.— Chap. I. The Rocks 
of Mining Districts, and the Distribution of 
Metalliferous Deposits.— 11. Mechanics of 
Mineral Lodes, Faults, Cross Courses, &c.— 
III. The Laws relating to Mineral Deposits. 
—IV. Remarlcablo Phenomena observed in 
Metalliferous Ore Deposits. 



BOOK III. Practical Mining.— Chap. I. 
Discovery of Mineral Lodes and the Open- 
ing of Mines.— II. Practical Operations for 
the Extraction of Metalliferous Ores.— III. 
Ventilation and Drainage of Mines, &c.— IV. 
Dressing Metalliferous Ores: Preparation for 
Smelter.— V. Discovery and Extraction of 
Iron Ores from Veins an other Deposits. 

BOOK IV, THE FUTURE PROSPECTS OF 

British Mining. — Chap. I. Summary, 
Examination of the Probable Exhaustion of 
Metalliferous Minerals.- II. On the Limits 
of the Metailiferous Zone.— III. The Occur- 
rence of Ores at Great Depths or in New 
Districts.— IV. Improvements and Economy 
in Working British Mines.— V. General Sum 
mary and Conclusion— Appendix— Glossary 
of Terms. 



" One of the most valuable works of reference of modem times. Mr. Hunt, as keeper of mining 
records of the United Kingdom, has had opportunities for such a task not enjoyed by anyone else, 
and has evidently made the most of them. . . . The language and style adopted are good, ana 
tlie treatment of the various subjects laborious, conscientious, and sclentmc."—£ n£ittetrtn£. * 

"A mass of information not elsewhere available, and of the greatest value to those who may 
be interested in our great mineral industries."— JSM^w/rr. 

" A sound, business-like collection of interesting facts. . . . The amount of information 
Mr. Hunt has brought together is enormous. . . . The volume appears likely to convey more 
instruction upon the subject than any work hitherto published."— Afin^^v yournal. 

"The work will be for the mining industry what Dr. Percy's celebrated treatise has been for the 
metallurgical— a book that cannot with advantage be omitted from tlie library."— /r^n atul Coat 
Tradts Review. 

" Probably no one In this country was better qualified than Mr. Hunt for undertaking such a 
work. Brought into frequent and close association during a long life-time with the principal guar- 
dians of our mineral and metallurgical industries, he enjoyed a position exceptionally favourable 
for collecting the necessary information. The use which he has made of his opportunities is suffi- 
ciently attested by the dense mass of information crowded into the handsome volume which has 
Just been published. ... In placing before the reader a sketch of the present position of 
British Mining, Mr. Hunt treats his subject so fully and illustrates it so amply that this section really 
forms a little treatise on practical mining. . . . The book is, in fact, a treasure-house of statistical 
information on mining suoiects, and we Know of no other work embodying so great a mass of matter 
of this kind. Were tnistbe only merit of Mr. Hunt's volume it would oe sufficient to render it 
indispensable in the library of everyone interested in the development of the mining and metalhir- 
gical industries of this co\mtry."'^A t/tenaum. 

"The literature of mining has hitherto possessed no work approaching in importance to that 
which has fust been published. There is much in Mr. Hunt's valuable work that every shareholder 
in a mine snould read with close attention. The entire subject of practical mining— from the first 
search for the lode to tho latest stages of dressing the ore— Is deidt with in a masterly manaer." 
—Academy, 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM. Comprising a Description of the Coal Fields, and of the Princi- 
pal Seams of Coal, with Returns of their Produce and its Distribution, and 
Analyses of Special Varieties. Also an Account of the occurrence of Iron 
Ores in Veins or Seams : Analyses of each Variety ; and a History of the 
Rise and Progress of Pijg Iron Manufacture since the year 17^0, exhibiting the 
Economies introduced m the Blast Furnaces for its Production and Improve- 
ment. By Richard Mbadb, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United Kingdom. 
8vo, £1 85. doth. 

" The book is one which must find a place on the shelves of all interested In coal and iron 
production, and in the iron, steel, and other metallurgical industries."— £w^#fr«r. 

" Of this book we may unreservedly say that it is the best of its class which we have ever met. 
... A book of reference which no one engaged in the iron or cool trades should omit from his 
library."— /r^n and Coal Trades' Review. 

" An exhaustive treatise and a valuable work of reference. . . . The amount of labour which 
the preparation of the work has involved must have been enormous."— Afif/i^M;f yo%$mal. 
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MetaUiferwia MinereUs and Mining. 

TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S., Mining Engineer, &c.. Author of "A 
Treatise on Slate and Slate Quarrying." Illustrated with numerous Wood 
Engravings. Second Edition, careiuUy Revised. Crown 8vo, Z2S. 6d. cloth. 

" Neither the practical miner nor the general reader interested in mines, can hate a t>etter book 
for his companion and his guide."— Afiningr youmal. 

** A boolc that wiH not only be useful to the geolog^isit, the practical miner, and the metallurgist 
but also very interesting to the general public."— /r^ri. 

" As a history of the present state of mlmng throughout the world this book has a real value, 
and it supplies an actual want, for no such information has hitherto been brought together within 
such limited sptx^—AtMenaum. 

Earthy Minerals and Mining, 

A TREATISE ON EARTHY AND OTHER MINERALS 
AND MINING. By D. C. Davies, F.G.S. Uniform with, and forming a 
Companion Volume to, the same Author's " Metalliferous Minerals and 
Mining." With 76 Wood Engravings. Crown 8vo, 12s. 6d. cloth. 

Summary of Contents : 



phate of Lime. PART III. Carbon and Com- 
pounds of Carbon — Sulphur. PART IV. 
Arsenic — Cobalt — Molybdenum — Antimony 
and Manganese — Classified List of Mineral 
Substances. 



Part I. SiIica->Alomina— Lime— Magnesia 
— Gludna — Zirconia — Thoria— with some of 
their combinations. Part II. Chloride of 
Sodium (Common Salt) — Nitrate of Soda — 
Borax— lteryta~Gypsum— Alum Shale— Phos- 

" It is essentially a practical work, intended primarily for the use of practical meiu . . . TV'e 
do not remember to have met with any English work on mining matters that contains the same 
amount of Information packed in equally convenient fona.''~'Aa»3€f>€y, 

Underground Pumping Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 
on Direct-Acting Undergroimd Steam Pumping Machinery, with a Descrip- 
tion of % large number of the best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stephen 
MicHELL. 8vo, 15s. cloth. 

"Will be highly esteemed by colliery owners and lessees, mining engineers, and students 
generally who require to be acquamted with the best means of securing the drainage of mines. It 
IS a most valuable work, and stands almost alone in the literature of steam pumpii^ machinery." — 
CoUUry Guardian. 

Mining Tools. 

A MANUAL OF MINING TOOLS. For the Use of Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines, izmo, 35. cloth boards. 

ATLAS OF ENGRAVINGS to Illustrate the above, contain- 
ing 235 Illustrations of Mining Tools, drawn to scale. 4to, 6s. cloth boards. 

"Students in the science of mining, and overmen, captains, managers, and viewers jnay gain 
practical knowledge and useful hints by the study of Mr. Morgans' manuai." — Coliiery Guariian. 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary Treatise on. By 
Warington W. Smyth, M.A., F.R.S., &c.. Chief Inspector of the Mines of 
the Crown. New Edition, Revised and Corrected. With numerous Illustra> 
tions. z2mo, 45. cloth boards. 

" As an outline is given of everv known coal-field in this and other countries, as well as of the 
principal methods of working, the book will doubtless interest a very large number of readers."— 
Mining youmal. 

Mining Surveying. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE. By William Lintern, Mining and Civil Engineer. With Four 
Plates of Diagrams, PlaDs, &c. lamo, 4s. cloth boards. 

"Contains much valuable information given in a small compass, and which, as far as we have 
ested it, is thoroughly trustworthy."— /r<?» and Coal Trades Review. 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on; with and without the Magnetic Needle. By Thomas Fenwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated, xamo, 3s. cloth. 
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NAVAL ARCHITECTURE, NAVIOATION, etc. 

JPocket-Bookfor Naval Architects and Shipbuilders* 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula, Rules, and Tables, and Marine Engineer's and 
Surveyor's Handv Book of Reference. By Clement Macxrow, Member of the 
Institution of Naval Architects, Naval Draughtsman. Third Edition, Re- 
vised. With numerous Diagrams, &c. Fcap., 12s, td. strongly bound in 
leather. 

"Shouldbeusedbyall who are eneasred In the construction or design of vessels. . . . Will 
be found to contain the most useful tables and formulae required by shipbuilders, carefully collected 
from the.best authorities, and put together in a popuLir and simple {<xm."— 'Engineer. 

" The professional shipbuilder has now, in a convenient and accessible form, reliable data for 
solving many of the nimierous problems that present themselves in the course of his work."— /rwi . 

"There is scarcely a subject on which a naval architect or shipbuilder can require to refresih 
his memory which will not be found within the covers of Mr. Mackrow's book."— iff ^/I'xA Mechanic, 

JPocket-Bookfor Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 

MULjB for marine engineers. By Frank Proctor, A.I.N.A. 

Third Edition. Royal samo, leather, gilt edges, with strap, 45. 

"We recommend it to our readers as going far to supply a long-felt wanW^Navai Science. 
"A most useful companion to all marine engineers."— 6'ni/«n( Service CaJtette. 

Qrantham^s Iron Shipbuilding. 

ON IRON SHIPBUILDING, With Practical Examples and 
Details. By John Grantham, M. Inst. C.E., &c. Fifth Edition. Imp. 4to, 
boards, enlarged to 40 Plates, including the latest Examples. Together with 
separate Text, also considerably enlarged. z2mo, cloth limp, price £2 9S. 
complete. 

" Mr. Grantham's work is of great interest. . . . It is also raluable as a record o the pro- 
gress of iron shipbuilding. ... It will, we are confident, command an extensive circulation 
among shipbuUders in general. . . . The text-book on which the examination in iron ship- 
building ot candidates for promotion in the dockyards will be mahily hasod."—£njrineerin£: 

Lighthouses. 

EUROPEAN LIGHTHOUSE SYSTEMS, Being a Report of 
a Tour of Inspection made in 1873. By Major George H. Elliot, corps ot 
Engineers, U.S.A. Illustrated by 51 Engravings and 31 Woodcuts. 8vo, 
2X5. cloth. 

Navigation (Practical), with Tables. 

PRACTICAL NA VIGA TION, Consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together with the requisite 
Mathematical and Nautical Tables for the Working of the Problems, by 
Henry Law. C.E., and Professor J. R. Youmo. Illustrated. x2mo, 75. 
strongly half-oound. 

Stor^ns. 

STORMS: Their Nature, Classification, and Laws; with the Means 
of Predicting them by their Embodiments, the Clouds. By William 
Blasius. With Coloured Plates and numerous Wood Engravings. Crown 
Svo, zos. 6d. cloth. 

"A very readable book. . . . The fresh facts contained in its pages, coIlecte<I with 
evident care, form a useful repository to meteorologists in the study of atmospherical disturbances, 
. . . The book will repay perusal as being the production of one who gives evidence of acute 
observation."— A'io/Mrp. 

The following books on Naval Architecture, etc., are published in Wbals's 

Rudimentary Series. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS, By 
Robert Kippino, N.A. Fourteenth Edition. z2mo, 25. 6J. cloth boards. 

SAILS AND SAIL-MAKING. Tenth Edition, Enlarged, with 
an Appendix. By Robert Kipping, N.A. Illustrated. i2mo, 3s. cloth boards. 

NAVAL ARCHITECTURE, By Tames Peake. Fourth Edition 
with Plates and Diagrams. z2mo, 45, cloth boards. 
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Electricity. 

A MANUAL OF ELECTRICITY: Including Galvanism, Mag^^ 

netismt Dia-Magnetism, Eleclro-Dynamies, Moffno-Electricity, and the Electric 

Telegraph. By Hbnrt M. Noad, Ph.D., F.R.S., F.C.S. Fourth Edition. 

Witn 500 Woodcuts. 8vo, £1 4s. cloth. 

"The accounts given of electricity and galvanisin are not only complete In a scientific sense* 
but. which is a rarer thhig, are popular and intercstin,;.''— Z^inor/. 

" Amonff the numerous writers on the attractive and fascinating subject of electricity, the 
author of the present volume has occupied our best attention. It is worthy of a place in the 
library of every public institution, and we have no doubt it will be deservedly patronised by the 
scientific community."— i/twiM^ yournai. 

Text Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph D., F.R.S., F.C.S. New Edition, carefully Revised. 
With an Introduction and Additional Chapters, by W. H. Preece, M.I.C.E.9 
Vice-President of the Society of Telegraph Engineers, &c. With 470 Illustra- 
tions. Crown 8vo, i2x. 6d, cloth. 

"The original plan of this book has been carefully adhered to so as to make it & reflex of the 
existing state of electrical science, adapted for students. . . . Discovery seems to have pro- 
gressed with marvellous strides ; nevertheless it has now apparently ceased, and practical applica- 
tions have commenced their career ; and it is to give a faitliful account of these that this fresh, 
edition of Dr. Noad's valuable text-book is launched forth,"— Extreutyrom Introduction by JV. If. 
Prtece, Esq, 

"We can recommend Dr. Noad's book for clear style, great range of subject, a good index; 
and a plethora of woodcuts. Such collections as the present are indispensable. —yif^A^mrMm. 

"An admirable text-book for every student— beginner or advanced— of electricity." — 
Engineering. 

"A most elaborate compilation of the (acts of electricity and vDZ^gt^eS^stoS—PofiUar Science 
Review. 

" Dr. Noad's text-book has earned for itself the reputation of a truly scientific manual for th« 
student of electricity, and we gladly hail this new amended edition, which brings it once more t* 
the front. Mr. Preece as reviser, with the assistance of Mr. H. R. Kempe and Mr. T. P. Edwards» 
has added all the practical results of recent invention and research to the admiraole theoretical 
expositions of the author, so that the book is about as complete and advanced as it is possible for 
any book to be within the limits of a teA-book."— Telegraphic youmal, 

JDr* JLardner'8 School handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

328 Illustrations. Sixth Edition. One Vol., 3s. 6d. cloth. 

" A very convenient class-book for i unior students in private schools. It is intended to convey, 
in clear and precise terms, general notions of all the prmcipal divisions of Physical Science." — 
British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 
With igo Illustrations. Second Edition. One Vol., 35. 6d, cloth. 
" Clearly written, well arranged, and excellently illustrated."— GanoSrMcr'x Chronicle, 

Dr. Lardner^s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re-written by E. B. Bright, F.R.A.S. 140 Illustra- 
tions. Small 8vo, 25. 6d. cloth. 

"One of the most readable books extant on the Electric Teiegr^ph."— English Mechanic, 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. Bv 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool* 
wich. Sixth Edition, crown Bvo, cloth, with separate Atlas of Z2 Plates, i25. 
complete. 

Lightning. 

THE ACTION OF LIGHTNING, and the Means of Defending 
Life and Property from its Effects. By Major A. Parnell, R.E. x2mo, 7s. 6d. 
cloth. 

" Major Parnell has written an original work on a scientific subject of unusual interest ; and be 
(aspre&ced his arguments by a patient and almost exhaustive citation of the best writers on the 
subject in the English language. —y//Am<r»x». 
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Oedogy and Genesis* 

THE TWIN RECORDS OF CREATION; or, Geology and 
Cenesis : their Perfect Harmony and Wonderful Concord. By George W. 
Victor lb Vaux. Numerous Illostratio*^s. Fcap. 8vo, 55. cloth. 

"A valuable contribution to tlie evidences of revelation, and disposes verv conclusively of the 
arguments of those who would set God's Works a^fainst God's Word. No reau difficulty is shirked, 
and no sophistry is left unexposed." — TMe Rock. 

"The remarkable peculiarity of this author is that he combines an unbounded admiration of 
science with an unbounded admiration of the Written Record. The two impulses are balanced to a 
nicety ; and the consequence is that difficulties which to minds less evenly poised would be serious 
find immediate solutions of the happiest )tSxxA&."— London Review. 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, many 
Working Examples, and Instructions for Making Apparatus. By Lieut.- 
Colonel W. A. Ross, R.A., F.G.S. With z2o Illustrations. Crown 8vo, 
3s. 6d. cloth. 

Contents : 



Chap. I. ManufkctureofBlowine Apparatus. 
II. Construction of Pyrologfical Lamps. — III. 
Supports and Apparatus. — IV. On Auxiliary 
Apparatus.— V. On the Structure and Mana^ee- 
roent of Pyrocones.— VI. On Pyrological Re- 
agfents. — VII. On Reagents and Simple Mineral 
Analyses. — VIII. First Operations : Aluminium- 



?late Reactions of Metals and Alloys. — IX. On 
yrological Mineralogfy and a New Specific 
Gravitometer. — X. Inner Calcium- pyroborate 
Balls, "Chemical Water," &c.— XI. Rationale 
of Outer and Inner Ball Formation in Boric 
Acid before the Blowpipe. — XII. Friebergf 
Qualitative Examples. 



"The student who goes conscientiously througfh the course of experimentation here laid down 
will eain a better insifht into inorganic chemistry and mineralogy than if he had 'got up 'any of 
the best text-books of the day, and passedl any number of examinations in their contents."^CA«m»' 
cai News, 

The Military Sciences. 

AIDE-MEMOIRE TO THE MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the different Ser* 
vices. Originally edited by a Committee of the Corps of Royal Engineers. 
Second Edition, most carefully revised by an Officer of the Corps, with many 
Additions ; containing nearly 350 Engravings and many hundred Woodcuts. 
Three Vols., royal 8vo, extra cloth boards, and lettered, £4 los. 

"A compendious encydopsdia of military knowledge, to which we are greatly indebted."— 
Edinburgh Review. 

" The most comprehensive work of reference to the notary and collateral sciences.' — VoIuh' 
teer Service Gazette. 

Astronomy. 

ASTRONOMY, By the late Rev. Robert Main, M.A., F.R.S., 
formerly Radcliffe Observer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by William Thynne Lynn, B.A., F.R.A.S., formerly 
of the Royal Observatory, Greenwich, izmo, 2S. cloth limp. 

" A sound and simple treatise, very carefully edited, and a capital book for beginners."— AT^um'- 
ledgt. 

" The present edition seems to have been carefully and accurately brought down to the require- 
nents of the present time by Mr. L,ytm."—'Educatio7tai Times. 

Geology. 




Or§8 

JEarth at each successive epoch, especial reference bemg made to the British 

Series of Rocks. By Ralph Tate, A.L.S., F.G.S., &c., &c. With over 250 

Illustrations. i2mo, 5s. cloth boards. 

'" The fulness of the matter has elevated the book into a manuaL Its information is exhaustive 
«nd well arranged."— vScAa>/ Board Chronicle. 

Conchology. 

MANUAL OF THE MOLLUSCA : A Treatise on Recent and 

Fossil Shells, By Dr. S. P. Woodward, A.L.S. With Appendix by Ralph 

Tate, A.L.S,, F.G.S. With numerous Plates and 300 Woodcuts. Handsomely 

bound in cloth boards, ys, 6d, 

**K most valuable storehouse of conchological and geological information."— ^anftvMrAr'x 
Science Gossif, 
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Dr. LARDHER'8 HANDBOOKS of NATURAL PHILOSOPHY. 

%* The following five volume*^ though each is complete in itselft and to be pur- 
chaud separately, form A Complbtb Course op Natural Philosophy. The 
style is studiously popular. It has been the author's aim to supply Manuals for the 
Student, the Engineer, the A rtisan, and the superior classes in Schools, 

THE HANDBOOK OF MECHANICS. Enlarged and almost re- 
written by Benjamin Loewy, F.R.A.S. With 378 Illastrations. Post 8vo, 
6s. cloth. 

"The perspicuity of the original has been retained, and chapters which had become obsolete 
have been replaced by others of more modern character. The explanations throus^hout are 
studiously popular, and care has been taken to show the application of the various branches of 
physics to tne industrial arts, and to the practical business of \i\e."— Alining journal. 

" Mr. Loewy has carefully revised the book, and brought it up to modem requirements." — 
Kattirt. 

" Natural philosophy has had few exponents more able or better skilled In the art of popu« 
larising the suoject than Dr. Lardncr ; and Mr. Loewy is doing good service in fitting this treatise 
and the others of the series, for use at the present Msait."— Scotsman. 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

New Edition, Revised and Enlarged by Benjamin Loewy, F.R.A.S. With 

236 Illustrations. Post 8vo, is. cloth. 

"For those 'who desire to attain an accurate knowledge of physical science without the prt> 
found methods of mathematical investigation,' this work is not merely intended, but well adapted.*' 
— Cktmicai News. 

" The volume before us has been carefully edited, augmented to neart^ twice the bulk of the 
former edition, and all the most recent matter has been added. . . . It is a valuable text-book." 
— Nature. 

" Candidates for pass examinations will find it, we think, specially suited to their requirements." 
Enji'lish Mechanic. 

THE HANDBOOK OF HEAT. Edited and almost entirely re- 

written by Benjamin Loewy, F.R.A.S., &c. 117 Illustrations. Post 8vo, 65. 

cloth. 

" The style is always clear and precise, and conveys instruction without leaving any cloudiness 
or lurking doubts \>ehmd."—Eugineerin£^. 

"A most exhaustive book on the subject on which it treats, and is so arranged that it can be 

understood by all who de^re to attain an accurate knowledge of physical science Mr. 

Loewy has included all the latest discoveries in the varied la«-s and effects of he&t.''—Standarcl. 

"A complete and handy text-book for the use of students and general readers."— JE»^/mA 
MecManic. 

THE HANDBOOK OF OPTICS. ByDiONYSius Lardner,D.C.L. 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olver Harding, B.A. Lond.» 
of University College, London. With 298 Illustrations. Small 8vo, 44^ 
pages, 5s. cloth. 

" Written by one of the ablest English scientific writers, beautifully and elaborately illustrated." 
—Mechanics' Mcigazuu. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
ACOUSTICS. By Dr. Lardner. New Edition. Edited by George Carey 
Foster, B.A., F.C.S. With 400 Illustrations. Small 8vo, 5s. cloth. 

" The book could not have been entrusted to anyone better calculated to preserve the terse and 
lucid style of Lardner, while correcting his errors and bringing up his work to the present state of 
scientific knowledge."— /V^^M/or Science Rexriew. 

Dr. Lardner^s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Companion 
to the " Handbook of Natural Philosophy." By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
100 Woodcuts. In One Vol., small 8vo, 550 pages, 9s. 6d, cloth. 

" Probably no other book contains the same amount of information in so compendious and wdl> 
arranged a form — certainly none at the price at which this is offered to the public' —Athenaum, 

" We can do no other than pronounce this work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general— but s^ the same timecorrect-^acquaint* 
ance with this sublime saanc^,"— Quarterly yottrttat qf Science. 

"One of the most deservedly popular books on the subject . . . We would reconunend not 
only the student of the elementary principles of the science, but he who aims at mastering the 
higher and mathematical branches of astronomy, not to be.without this work beside hink"—^racr£- 
€eu Magasine, 
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DR. LARDNER'8 MUSEUM OF 8G IENGE AND ART. 

THE MUSEUM OF SCIENCE AND ART, Edited by 
DiONYSius Lardner, D.C.Lm formerly Professor of Natural Philosophy and 
Astronomy in University College, London. With upwards of i,ao6 Kni^av- 
ings on Wood. In 6 Double Volumes, £1 is., in a new and elegant cloth bind- 
ing ; or handsomely bound in half-morocco, 31s. 6d, 



Contents : 



motive — Thermometer — New Planets: Le» 
verrier and Adams's Planet— Magnitude and 
Minuteness— Common Thines: The Almanack 
—Optical Images — How to observe the Heavens 
— Common Thinsfs : The Looking-glass — 
Stellar Universe— The Tides— Colour— Com- 
mon ThiiM^s: Man— Magnifying Classes— In- 
stinct and Intelligence — The Solar Microscope 
—The Camera Lucida— The Magic Lantern- 
The Camera Obscura — ^The Microscope — The 
White Ants : Their Manners and Habits— The 
Surface of the Earth, or First Notions of 
Geography— Science and Poetry— The Bee — 
Steam Navigation — Electro-Motive Power — 
Thunder, Li|{htning, and the Aurora Borealis 
—The Printing Press— The Crust of the Earth 
— Comets — The Stereoscope — The Pre-Ada- 
mite Earth'— Eclipses— Sound. 



The Planets: Are they Inhabited Worlds?— 
Weather Pr^rnostics — Popular Fallacies m 
Questions of Physical Science— Latitudes and 
Longitudes — Lunar Influences — Meteeric 
Stones and ShootingStars— Railway Accidents 
—Light— Common Thinjn: Aur— Locomotion 
m the United States— Cometary Influences- 
Common Things: Water— The Potter's Art— 
Conunon Things: Fire — Locomotion and 
Transport, their Influence and Progress— The- 
Moon— Conunon Things: The Earth— The 
Electric Teh^raph- Terrestrial Heat — The 
Sun— Earthquakes and Volcanoes— Barometer, 
Safety Lamp, and Whitworth's Micrometric 
Apparatus— Steam— The Steam Engine— The 
Eye— The Atmosphere — Time — Common 
Things: Pumps— Common Things : Spectacles, 
the Kaleidoscope — Clocks and Watches — 
Microscopic Drawing and Engraving— Loco- 

Opinions of the Puss, 

"This series, besides affording popular but sound instruction on scientific subjects, with which 
the humblest man in the country ought to be acquainted, also undertakes that teaching of ' Com> 
mon Things ' which every well-wisher of his kind is anxious to promote. Many thousand copies of 
this serviceable publication have been printed, in the belief ana hope that the desire for instruction 
and improvement widely prevails ; and we have no fear that such enlij^htened faith will meet with 
disappointment"— Times. 

" A cheat) and interesting publication, alike informing and attractive. The papers combine 
subjects of importance and great scientific knowledge, considerable inductive powers, and a 
popular style of treatment."— v^^c/a/or. 

" The ' Museum of Science and Art ' is the most valuable contribution that has ever been 
made to the Scientific Instruction of every class of society."— Sir DAVID BREWSTER, in the 
J^0rt/t British Review. 

" Whether we consider the liberality and beauty of the illustrations, the charm of the writing, 
or the durable interest of the matter, we must express our belief that there is hardly to be found 
araonc^ the new books one that would be welcomed by people of so many ages and classes as a. 
valuable present."— iummin^r. 

*#* Separate books formed from the above, suitable for WorhmeWs Libraries, 

Science Classes, &c. 

Common Tilings Explained, Containing Air, Earth, Fire, Water, Time, 
Man, the Eye, Locomotion, Colour, Clocks and Watches, &c. 233 Illus- 
trations; cloth gilt, 5s. 

The Mieroaeope, Containing Optical Images, Magnifying Glasses, Origin 
and Description of the Microscope, Microscopic Objects, the Solar Micro- 
scope, Microscopic Drawing and Engraving, &c 147 Illustrations, cloth 
gilt, ». 

Poptilar Geology, Containing Earthquakes and Volcanoes, the Crust oi 
the Earth, &c. 201 Illustrations, cloth gilt, 25. 6d. 

Popular Physics, Containing Magnitude and Minuteness, the Atmo- 

?7here, Meteoric Stones, Popular Fallacies, Weather Prognostics, the 
hermometer, the Barometer, Sound, &c. 85 Illustrations, cloth gilt, 2s. 6d, 

. Steam and its Uses, Including the Steam Engine the Locomotive, and 
Steam Navigation. 89 Illustrations, cloth gilt, %s» 

Popular Astronomy, Containing How to observe the Heavens— The 
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Influ- 
ences, &c. 182 Illustrations, 45. 6d. 

The Bee and White Ants: Their Manners and Habits. With Illustra- 
tions of Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, 25. 

The Bleetrie Telegraph Popularised, To render intelligible to all who 
can Read, irrespective of any previous Scientific Acquirements, the various 
forms of Telegraphy in Actual Operation, zoo Illustrations, cloth gilt, 
is,6d. 
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MATHEMATICS, GEOMETRY, TABLES, etc. 



Pr€ictic€U Mathematics. 

MATHEMATICS FOR PRACTICAL MEN. Being a Com- 
mon-place Book of Pare and Mixed Mathematics. Designed chiefly for the 
Use of Civil Engineers, Architects, and Surveyors. Part I. Pure Mathe- 
matics : comprising Arithmetic, Algebra, Geometry, Mensuration, Trigono- 
metry, Conic Sections, Properties ofCurves. Part II. Mixed Mathematics : 
comprising Mechanics in general Statics, Dynamics, Hydrostatics, Hydro- 
dynamics, Pneumatics, Mechanical Agents, Strength of Materials. With an 
Appendix of copious Logarithmic and other Tables. By Olinthus Greg- 
ory, LL.D., F.K.A.S., Enlarged by Henry Law, C.E. 4th Edition, care- 
fullv Revised by J. R. Young, formerly Professor of Mathematics, Belfast 
College. With 13 Plates, 8vo, £i is. cloth. 

" The eiic[{neer or architect will here find ready to his hand rules for solving nearly every 
mathematicaTdifficulty that may arise in his practice. The rules are in all cases explained by 
means of examples, in which every step of the process is clearly worked out,"— Builder. 

" One of the most serviceable books for practical mechanics. . . Professor Young' has 
modernised the notation throughout, introduced a few paragraphs here and there, and corrected 
the numerous typographical errors which had escaped the eyes of the former Editor. The book 
is now as complete as it is possible to make it. It is an instructive book for the student, and a 
Text-book for him who, having once mastered the subjects it treats of^ needs occasionally to 
refresh his memory upon thcm.—SuiMi»£- News. 

"As a standard work on mathematics it has not been excelled."— .^^r/ivoM. 

Metrical Units and Systems, etc. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems 0/ the Present Ceptury. With an Appendix containing a proposed 
English System. Bv Lowis'D'A. Jackson, A.M. Inst. C.E., Author of *' Aid 
to Survey Practice, &c. Large crown 8vo, 12s. 6d. cloth. 

" The author has brought together much valuable and interesting information. . . . The 
main object of the work appears to be the discussion of a remedy for the evils of the complex 
systems of weights and measures which are unfortunately still in use in this country. To provide 
such a remedy is a serious task, and one well worthy of the attention of a great statesman such as 
Mr. Gladstone, to whom the work is inscribed. . . . We cannot but recommend the work to the 
consideration of all interested in the practical reform of our weights and measures."->-A'a/»r«. 

"For the large collection of measures brought toeether, the author supplies the French 
scientific equivalents, in terms of the metrical system. He also gives throughout a double set of 
English equivalents, the first of which he calls the 'Commercial Measures, and the second the 
* Scientific Value.' . . . There is no doubt as to the great amount of labour that must have been 
devoted to the calculation ; and the Juxtaposition of the two values affords an easy means of check- 
ing the work by comparison." — Athentntm. 

"For exhaustive tables of equivalent weights and measures of all sorts, and for dear demonstra- 
tions of the effects of the various systems that have been proposed or adopted, Mr. Jackson's 
treatise is without a iAv9\."—AcaeUtny. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British Stand- 
ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent. Bv C. H. Dowling, C.E. Second Edition, Revised 
and Enlarged. 8vo, xos. 6a. strongly bound. 

" Their accuracy has been certified by Professor Airy, the Astronomer-Royal."— 5«i&fer. 

" Mr. Dowllng's Tables, which are well put together, come Just in time as a ready-reckoner for 
the conversion ofone system into the othcr."—AMe*ntum 

Geotnetry for the Architect, Engineer, etc. 

PRACTICAL GEOMETRY, for the Architect, Engineer and 
Mechanic. Giving Rules for the Delineation and Application of various 
Geometrical Lines, Figures and Curves. By E. W. Tarn, M.A., Architect, 
Author of "The Science of Building," &c. Second Edition. With Appen- 
dices on Diagrams ol Strains and Isometrical Projection. With 172 Illus- 
trations, demy 8vo, 95. cloth. 

*• No book with the same objects in view has ever been published in which the clearness of the 
rules laid down and the illustrative diagrams have been so satisfactory." — Scotsman. 

" This is a manual for the practical man, whether architect, engineer, or mechanic. . . . The 
object of the author being to avoid all abstruse formulae or complicated methods, and to enable 
persons with but a moderate knowledge of geometry to work out tne problems required.' —Eng^lish 
Mechanic. 
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Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, Being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight from i lb. to 15 tons, at 300 Progressive Rates, from id. 
to x68s. per cwt., and containing 186,000 Direct Answers, which, with their 
Combinations, consisting of a single addition (mostly to be performed at 
sight), will a£ford an aggregate of 10,266,000 Answers ; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By Henry 
Harben, Accountant, Sheffield, Author of " The Discount Guide." An en- 
tirely New Edition, carefully revised. Royal 8vo, strongly half-bound, £1 5s. 
"A practical and useful work of reference for men of business generally; It is the best of the 

kind we nave seen. We have frequently been asked if such a work as this could be obtained, and 

therefore refer to it with pleasure. —/ro«»w;i^r. 

"Of priceless value to business men. Its accuracy and completeness have secured for it » 

reputation which renders it quite unnccessarv for us to say one word in its praise. It is a necessary 

book in all mercantile offices." — Sheffield Independent. 

"An enormous amount of labour roust have been bestowed upon the preparation of the tables, 

but the result is a series which gives the answers sought more readily than any of its predecessors.' 

Alining^ yournal. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE, Comprising several Series of 
Tables for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact Profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Profit or Advance from t\ to 
90 per cent., Tables of Discount from ij to g^ per cent., and Tables of Com- 
mission, &c.. from i to 10 per cent. By Henry Harben, Accountant, Author 
of "The Weight Calculator." New Edition, carefully Revised and Corrected. 
Demy 8vo, 544 pp. half-bound, £1 55. 

" All these tables are well arranged and clearly printed ; and the collection will be found of great 
■ flie • ■ • • " 



value in those businesses for which the book has been especially compiled." — Engitteeriug, 

*' A book such as this can only be appreciated by business men, to whom the savins 
means saving of money. We have the nigh authority of Professor J. R. Young that the tables 



" A book such as this can only be appreciated by business men, to whom the savins^ of time 

ns saving of money. We have the nigh authority of Professor J. R. Young that the tables 

throughout the work are constructed upon strictly accurate principles. The work is a model of 



typographical clearness, and must prove of great value to merchants, manufacturers, and general 
Uaders.''— British Trade Journal. 

" Much time and labour will be saved bv the use of this book— even to the most expert arith- 
metician. The great practical utility of the ' Discount Guide ' will no doubt make it a standard 
work of reference."— £o;i</i>M Commtrcial Record. 

Iron an€l Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION, Being 

a Calculator, containing a Series of Tables upon a New and Comprehensive 

Plan, for expeditiously ascertaining the Value of any Goods bought or sold 

by Weight, from is. per cwt. to 112s. per cwt., and from one farthing per 

pound to one shilling per pound. Eacn Table extends from one pound to 

100 tons. To which are appended Rules on Decimals, Square and Cube Root, 

Mensuration of Superficies and Solids, &c. ; also Tables of Weights of 

Materials, and other Useful Memoranda. By Thomas Downib. Strongly 

bound in leather, 396 pp., 95. 

" A most useful set of tables, and will supply a want, for nothing like them before existed." — 
Building News. 

"Will save the possessor the trouble of making numerous intricate calculations. Although 
specially adapted to the iron and metal trades, the tables contained in this handy little companion 
will be found useful in every other business in which merchandise is bought and sold by weight." — 
Railway News. 

Practical Geometri/. 

THE GEOMETRY OF COMPASSES; or, Problems Resolved 

by the mere Dncription of Circles and the use of Coloured Diagrams and 

Symbols, By Oliver Byrne. Coloured Plates. Crown 8vo, 3s. 6i. cloth. 

" A very useful work, which will be valued by all who are pursuing the useful and fascinating^ 
study of geometry."— /rtf«. 

" The treatise is a good one, and remarkable— like all Mr. Byrne's contributions to the science 
ef geometry — for the lucid character of its teaching." — Building' News. 

" The problems in this useful book are cleverly worked out by beautifully coloured and uncoloured 
<}lagrams. It will no doubt be extensively circulated. We nighly recommend it."~-Cambridge 
Express, 
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INDUSTRIAL AND USEFUL ARTS. 



Soap-tnaking. 

THE ART OF SOAP-MAKING : A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, Toilet Soaps, &c. Including many New 
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. 
By Alexander Watt, Author of " Electro-Metallurgy Practically Treated," 
&c. With numerous Illustrations. Crown 8vo, 95. cloth. 

" The work will prove very useful, not merely to the technological student; but to the practical 
soapboiler who wishes to understand the theory of his zxt"—Ch*mical News. 

"It is really an excellent example of a technical manual enterinjr, as it does, thoroughly and 
exhaustively both mto the theory and practice of soap manufacture. The book is well and honestly 
done, and deserves the considerable arculation with which it will doubtless v[xeet."—Kn(nvletlgre' 

" Mr. Watt's book is a thoroughly practical treatise on an art which has almost no literature in 
our language. We congratulate the author on the success of his endeavour to fill a void in English 
technical hterature."— A'a/wr«. 

" . . . . Clearly and concisely written, and appears to be comprehensive and complete." — 
Enjiineering^, 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, and the Principles of Tanning Ex- 
plained, and many Recent Processes introduced; as also Methods for the 
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Alexander Watt, Author of •' Soap-Making," " Electro- 
Metallurgy," Ac. With numerous Illustrations. Crown 8vo, iis. td. cloth. 

[Just published. 

"Every item of use and interest to the leather trade has been touched upon, and the descrip- 
tions and explanations of the various processes are exhaustively given." — Tanners^ and Currier^ 
yourttat. 

"A most lucid and readable book upon di(Bcult and intricate subjects. Every known process of 
tanning, from the most primitive to the most recent, is fully and accurately described."— Sco^/sjA 
Leather Trader. 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING. A Practical 
Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing and 
Making, with a Description of the most approved Machinery employed. 
By John B. Leno, late Editor of St. Crispin, and The Boot and Shoe-Maker, 
With numerous Illustrations. Crown 8vo, 5s. cloth. [jf**st published. 

"A very complete account of the art and science of bootmaking, which includes all that need 
be said about leathers and other materials, as weU as about hand-tools and the various machines 
that have latterly been introduced to supplement or supersede the old-fashioned handiwork." — 
fTeeJify Dispatch, 

I>entistry. 

MECHANICAL DENTISTRY: A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Comprising also Use* 
ful Formulas, Tables and Receipts for Gold Plate, Clasps, Solders, &c. &c. 
By Charles Hunter. Secoija Edition, Revised. With upwards of xoo 
Wood Engravings. Crown 8vo, ys. 6d. cloth. 
"The work is very pr?LcticaL"—Mcttthiy Review <if Dental Surgery. 

" An authoritative treatise. . . . We can strongly recommend Mr. Hunter's treatise to all 
students preparing for the profession of dentistry, as well as to every mechanical dentist. "—Z7»d/t>« 
Journal of Medical Science. 

" A work in a concise form that few could read without gaining information bom."— British 
Journal qf Dental Science. 

"The best book on the subject with which we are ^cq\x?a.iit&A."— Medical Press and Circular. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS, By Herbert 

Edwards Wright, B.A. Crown 8vo, 3s. 6d. cloth. 

" This little volume, containing such a large amount of good sense in so small a compass, ought 
to recommend itself to every brewery pupil, and many who have passed that stage.' —i>frw«rf 
Guardian. 

" The book is very clearly written, and the author has successfully brought his scientific know- 
ledge to bear upon the various processes and details of brewing. To the young student of brewing-, 
the reading of such a book as this is calculated to do good for it will lead him to inquire not on^ 
what is to be done, but why it should be done "—Brewer. 
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Electroplating f etc. 

ELECTROPLATING : A Practical Handbook, By J. W. Urqu- 
HART, C.E. With numerous Illustrations. Crown 8vo, 5s. cloth. 

" The volume is mthout a rival in its particular sphere, and the lucid stvle in which it is written 
commends it to those amateurs and ex^rimental electrotjrpers who have but ^fi^ht, if any, know" 
ledj^e of the orocesses of the art to which they turn their attention."— Z7«fi(^ attd IVork. 

" The information given appears to be based on direct personal knowledge. . . Its science 
is sound and the style is always dear." — Athenaum, 

JElectrotyping, etc* 

ELECTROTYPING : The Reproduction and Multiplication 0/ Print- 
ing Surf at cs and Works of Art by the Electro-deposition of Metals, By J. W. 
Urquhart, C.E. CroWn 8vo, 5s. cloth. 

"The be ok is so thoroughly practical that it assumes to start with an entire ignorance on the 
reader's part of electricity. He is, therefore, conducted thilough its leading laws, then through the 
metals used by electrotypers, the apparatus, and the depositing processes, up to the final prepara> 
tion of the work. — Art yournal. 

" In this work the author enters systematically and thoroughly Into every department of the 
process, in the style of one who combines theory with practice, we can recommend this treatise, 
not merely to amateurs, but to those actually engaged m the trade." — Chtmical Nrws, 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, Embodying Plain 
Directions for the Treatment of Voltaic Batteries, Electric Lamps, and 
Dynamo-Electric Machines. By J. W. Urquhart, C.E., Author of " Electro- 
plating : A Practical Handbook." Edited by F. C. Webb, M.I.C.E., M.S.T.E. 
Second Edition, revised, with large Additions and 128 lUusts. 7s. 6d, cloth. 

" The book is by &r the best that we have yet met with on the suhiect."— A tktnaum, 
" It is the only work at present available wmch gives, in language mtelligible for the most part 
to the ardinary reader, a general but concise history of the means which have been adopted up to 
the present time in producing the electric light. ... A chapter on the comparative cost of the 
electric light and gas contains much valuable and interesting intoraaatKm,"—Afetrv>fioiilaH. 

" The book contains a general account of the means adopted in producing the electric light, not 
only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric 
machine in several of its forms. . . . An important addition to the literature of the electric 
light. Students of the subject should not fail to read it." — Colliery Guardian, 

ElectrO'MetaUurgy. 

ELECTRO-METALLURGY : Practically Treated. By Alexander 
Watt, F.R.S.S.A. Eighth Edition, Revised, with Additional Matter and 
Illustrations, including the most recent Processes. lamo, 3$. 6d. cloth boards. 

"From this book both amateur and artisan may learn everything necessary for the successful 
prosecution of electroplating."— /rv/t. 

"A practical treatise for the use of those who desire to work in the art of ele^ro deposition as 
a business."— £w^/£rA Mechanic 

Silversmiths^ Work. 

THE SILVERSMITH'S HANDBOOK, Containing full In- 
structions for the Alloying and Working of Silver, including the different 
modes of Refining and Melting the Metal, its Solders, the Preparation of Imi- 
tation Alloys, Methods of Manipulation, Prevention of Waste, Instructions 
for Improvmg and Finishing the Surface of t'he Work, together with other 
useful Information and Memoranda. By Georgb E. Gee, Jeweller, &c. 
Second Edition, Revised, with numerous Illustrations. i2mo, 3s. 6<i. cloth 
boards. [Just published. 

" The chief merit of the work is its practical character. . . The workers in the trade will 
speedily discover its merits when they sit down to study it." — English Mechanic. 

"This work forms a valuable sequel to the author's 'Goldsmith's Handbook,' and supplies a 
want long felt in the silver tra,de.''—Sth^rsmiths' Trade Jourttal, 

Goldsmiths' Work. 

THE GOLDSMITH'S HANDBOOK, Containing full Instruc- 
tions in the Art of Alloying, Melting, Reducing, Colouring, Collecting and 
Refining. The i>rocesses of Manipulation, Recovery of Waste, Chemical and 
Physicsu Properties of Gold, with a New System of Mixing its Ailoys ; Solders, 
Enamels, and other useful Rules and Recipes, &c. By George E. Gee. 
Second Edition, considerably enlarged, xamo, 3s. td, cloth boards. 

" A good, sound, technical educator, and wHl be generally accepted as an authority. It gives 
full particulars for mixing alloys and enamels, is essentially a book for the workshop, and exactly 
{uld& the purpose intended."— //i^ro^^^'ias/ youmal. 

"The best work yet printed on Rs subject for a reasonable price. We have no doubt that it 
will speedily become a standard book which few will care to be without."— ynov/^r attd Metal- 
worker. 
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A Text^Book of English Agriculture. 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 

A^ricnlture, adapted to the Syllabus of the ScieDce and Art Department. 

For Elementary an4 Advanced Students. . By Hugh Clements (Board of 

Trade). iSmo, 2t. 6d. cloth. 

"A most comprehensive volume, ffiviitx a mass ot\n![otviat\on.''--A£rieultural Eamotnist. 

" It is a lonfjf time since we have seen a book which has pleased us more, or which coatatns 
such a vast and useful fund of knowledge."— -/fi/MOi^u^na/ Times. 

Agricultural Data. 

NOTE BOOK of AGRICULTURAL FACTS and FIGURES, 

for Farmers and Farm Students. By Primrose McConnell, Fellow of the 

Highland and Agricultural Society; late Professor of Agriculture, Glasgow 

Veterinary College. Royal 32mo oblong, leather, with strap, 4s. 

" It is full of very valuable infonnation. Farmers' sons and other youths who wish to become 

farmers at home or abroad, mi^rht, even twfore their school education is completed, become familiar 

Mith the fiicts and figures furnished lu this interesting and valuable little book,''—:Ader(t€eHFrc€ 

Press. 

Hudaon^s Land Valucr^s Pochet~Book. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a very much Improved Plan, for Calculating; the Value of Estates. With 
Tables for reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.E. New Edition. Royal ssmo, leather, gilt 
edges, elastic band, 4s. 

"This new edition includes tables for ascertaining the value of leases for any term of years ; 
and for showing how to lay out plots of vrround of certain acres lu forms, square, round, &c.. with 
valuable rules for ascertaming the probable worth of standing timber to any amount ; and is of 
iiicalculable value to the country gentleman and professional iaa.n."— Farmers youmaL 

JEwarVs Land Intprover^s JPocket-JBook. 

THE LAND IMPROVER'S POCKET-BOQK OF FORMUL/E^ 
TABLES and MEMORANDA required in any Computation relating to the 
Permanent Improvement of Landed Property. Bv John Ewart, Land Surveyor 
and Agricultural Engineer. Royal 32mo, oblong, leather, gilt edges, with 
elastic Dand, 45. 
" A compendious and handy little \o\\xme."—S^ctator. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Consisting of the above Two Works bound 
gether. Leather, gilt edges, with strap, 7s. 6d. 

" We consider Hudson's book to be the best ready*rcckoner on matters relating to the valua- 
t'on of land and crops we have ever seen, and its combination with Mr. Ewart's work greatly 
enhances the value and usefulness of the latter-meationcd. ... It is most useful as a manual 
for reference." — North <if England Fanner. 

Potato Culture. 

POTATOES : How to Grow and Show them. A Practical Guide to 

the Cultivation and General Treatment of the Potato. By James Pink. 

With Illustrations. Second Edition. Crown 8vo, 7S. cloth. 

"A well-written little volume. The author gives good practical instructions under both 
divisions of his sah^ezW—jigriculiural Gazette. 



GARDENING, FLORICULTURE, etc. 

Early Fruits^ Flowers and Vegetables. 

THE FORCING GARDEN : or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans, and Estimates for Building Glass- 
houses, Pits and Frames. Containing also Original Plans for Double Glazing; 
a New Methodof Growing the Gooseberry under Glass, &c., &c., and on Venti- 
lation, Protecting Vine Borders, &c. With Illustrations. By Samuei. Wood. 
Crown 8vo, 3s. 6d. cloth. 

" A pood book, and fairly fills a place that was in some degree vacant. The book is written 
with great care, and contains a great deal of valuable teaching.'— Gardeners^ MagroJtifu. 

" Mr. Woods book is an original .ind exhaustive answer to the question ' How to Grow Early 
Fruits. Flowers and Vegetables t "—Land attd IVater. 



